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(57)[ABSTRACT OF THE DISCLOSURE] 

(Amendments Included) 



— Ki"5 T /w>& y ir/u^ — t? 



[PROBLEM TO BE SOLVED] 

The alkali cellulase gene, recombinant vector, 
and transformed body which code the amino 
acid sequence of which 1 of either of two kinds 
of amino acid sequences which has a specific 
sequence, or this amino acid sequence, or 
some amino acids were deleted, substituted or 
added. 



[ADVANTAGE] 

rcDitfE^^rfflV^Tatc^ffl^fc Alkali cellulase useful as the detergent for 
Ms WM-^MM^t LT^fffl& garments, a fiber processing agent, etc. can be 
7/^ !) t;U7 ^-^ produced individually and in large quantities 

X&fr&MI- Z> r t # BrtB-cfc using this gene. 

<5 0 



[CLAIMS] 



i$mm i ] [claim 1] 

Ifi^iJ#-^- 1 3? L < 2 ^Tp-t" The alkali cellulase gene which codes the 

T ^ J StlE^ Xlil^T ^ J W. amino acid sequence of which the amino acid 

jK^iJtf) 1 ^ L < W&M^T % J sequence shown in sequence number 1 or 2, 1 

Wt&Xifc* ulLi&^f L< of this amino acid sequence, or some amino 

filtT % y B£ffi#l£ =» — Ki"5 acids were deleted, substituted or added. 



[S*#^2] [CLAIM 2] 

fii?iJ#-^3^L< J44^i- The alkali cellulase gene which has the base 

4£Sffii?!K Xfii^itllSc^iJcD 1 acid sequence of which the base sequence 

t < \*%M^M&1£'K l k.s W. shown in sequence number 3 or 4, 1 of this 
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I^L< fiftiB^ttf^J&S^lfi base sequence, or some bases were deleted, 

£|J&W1~5 T U -fe/^ — t? substituted or added. 

3 ] [CLAIM 3] 

ff3£*S lX(i2 IBfc^iiMST- The recombinant vector containing the gene of 

Z'StsU&z.^? 9 —o Claim 1 or 2. 

I»#S4] [CLAIM 4] 

If^^SfEicCOli^x.^^ ^ The transformed body containing the 

— Sr^tpJ^K^Elfefto recombinant vector of Claim 3. 

[fj»S5] [CLAIM 5] 

^3t^$fc£#>T 5ft>fclg 4 The transformed body of Claim 4 whose host is 

ffiictf^R^&^o microorganisms. 

[fif^Jg 6 ] [CLAIM 6] 

Hf3fcJg4Xfi5 fcfBSttf^ft A production of the alkali cellulase, which 

Isi&ffc^iflii'f" <5 ^ i: i: cultivates the transformed body of Claim 4 or 5. 

[3§M(Df^&fPjn [DETAILED DESCRIPTION OF THE 

INVENTION] 

[0 0 0 1] [0001] 

\W)\<om-t %>&WAW} [TECHNICAL FIELD OF THE INVENTION] 

JfWftfe, ^MMW-Mt LTW This invention relates to the gene which codes 

Mt£T/is% ]) ir/Uy— \f&=i — alkali cellulase useful as an enzyme for 

K1" Sitter HI" 5 0 detergents. 

[0 0 0 2] [0002] 

mM<D&ffi] [PRIOR ART] 

t^n- ;*teftI^lflB#yi<Z>E£$c A cellulose is the principal component of a 
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^^Sji:^^ j3 — 1 , 
tf)g£H;^ q=r,c> i: & o "C v * 60 



plant-cell wall, and is a typical presence of the 
biomass used effectively for garments, paper, a 
building material, etc. 

Since the glucose is the macromolecule which 
carried out the (beta)-1 ,4 connection linear, the 
conversion of a cellulose is possible for the fuel 
matter or a more nearly high-value-added 
metabolite with a degradation. 
Therefore, as an enzyme which degrades a 
cellulose, research on an effective usage of 
cellulase and its reaction production is done 
variably. 

Generally the cellulase used as these 
candidates for research has the optimal 
reaction pH into the in acidity, the enzyme 
derived from fungi or the anaerophyte which 
can degrade a crystalline cellulose good has 
taken the lead. 



[0 0 0 3] 

mm (#^sg5 0-2 8 

5 1 5 & & # > Horikoshi & 
Akiba, Alkalophilic 
Microorganisms, Springer, 
Berlin, 1982) mot&7/^ 

D ]) ±/Uy — tftfS JLfcti $ fix Si 

^^m'm^o^m-t^TM y 

±/Uy ~ i? (#^Bg 6 0-23 
15 8 #&flU 6-03 
0 5 7 8-J§-4MfL *S#rF^4 



9 4 5 0 5 3^) ^Wffflffi 



[0003] 

On the other hand, since the alkali cellulase 
derived from alkali-loving Bacillus bacteria was 
discovered by Horikoshi (Japanese Patent 
Publication No. 50-28515, Horikoshi & Akiba, 
Alkalophilic Microorganisms, Springer, Berlin, 
1982), it has become applicable to the heavy 
duty detergent for garments of cellulase. 
After that, the alkali cellulase (Japanese Patent 
Publication No. 60-23158, the Japanese Patent 
Publication No. 6-030578, US Patent 4945053 
grade) which alkali-loving Bacillus bacteria 
actually produce came to be mixed with the 
detergent for garments. 

The cellulase blending detergent derived from 
fungi also comes to be marketed after this, it 
has established the status as an enzyme for 
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\&$k<D±/i'7~-1i detergents on a par with the protease, the 



Ifl^Sfc^iJ & ± rfi £ ft 5 «fc 5 & lipase, and the amylase. 



[0 0 0 4] 

fc^-iTO z. K J: 9 £ ft 

*\ :&Mc»#:£^&£ft, 
ll^jS^fflV^ftTl^mfo 

•So 



[0004] 

Furthermore, production of the enzyme for 
detergents is also mass-produced more gene 
recombinant with development of genetic 
engineering in recent years. 
As for alkali cellulase, the decision of a cloning 
and a base sequence about many genes has 
already been done, there are examples of 
actual production. 



[0 0 0 5] 



[0005] 



lx filter j^jj y t/i/7-f 



[PROBLEM TO BE SOLVED BY THE 
INVENTION] 

There is objective of the invention in 
establishing the gene which codes alkali 
cellulase useful as an enzyme for detergents, 
and the method of manufacturing the extensive 
and single alkali cellulase using the gene. 



[0 0 0 6] 



[0006] 



iM%®:-fZ>tc£>(D^m [MEANS TO SOLVE THE PROBLEM] 

bit, U&MfrhT^ When the present inventors performs a 

■ft V -te/Uy—- M^MM(0^-7 y screening of an alkali cellulase producing 

—^-W&fsitLk microbe from nature, he discovers the 

^MoWM^^EMt^W^^a^: microorganisms which produce the enzyme 

HtBL^ $ k\z.^f$M%M>)frh which suits the objective, furthermore, by 
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carrying out the cloning of the gene which 
codes alkali cellulase from said 
microorganisms, it perfected this invention. 



[0 0 0 7] 

r^y minn i m l < «m 

- KfST/i'* y t^7- 



[0007] 

This invention provides the alkali cellulase gene 
which codes the amino acid sequence by which 
the amino acid sequence shown in sequence 
number 1 or 2, 1 of this amino acid sequence, 
or some amino acids were delete, substitute or 
added. 

Moreover, this invention provides the alkali 
cellulase gene which has the base sequence by 
which the base sequence shown in sequence 
number 3 or 4, 1 of this base sequence, or 
some bases were delete, substitute or added. 
Moreover, this invention provides the 
recombinant vector containing the 
above-mentioned alkali cellulase gene, and the 
transformed body containing this recombinant 
vector. 

Moreover, this invention cultivates the 
above-mentioned transformed body. 
It provides the production of the alkali cellulase 
characterized by the above-mentioned. 



[0 0 0 8] 



[0008] 



[EMBODIMENT OF THE INVENTION] 

The gene of this invention has the sequence 
which codes the amino acid sequence by which 
the amino acid sequence shown in sequence 
number 1 or 2, 1 of this amino acid sequence, 
or some amino acids were delete, substitute or 
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fc, E5iJ#tlX(12|:*LA: 



added. 

Unless alkali cellulase activity is lost, deletion of 
the amino acid in this amino acid sequence, 
substitution, or addition (it may call it variation 
hereafter) in particular is not limited. 
Moreover, as for the amino terminus in the 
amino acid sequence of the mature enzyme 
shown in sequence number 1 or 2, one or more 
amino acids may be added, deleted or 
replaced. 



[0 0 0 9] 

if])±/Uy^-if N 1 3 

1 aW- 1? £:SiE-f5) <D 
T % J ^gfi?ij b ^M^©tyu 

®iZltm-tZ> bs Bacillus sp. 
No.1139 ^(D^M-t^^y — 
if ( Fukumori h s J.Gen. 
Microbiol., 131, 3339-3345, 
1985) b<Dffim&l*8 1. 9% 
T*$> "9 , Bacillus sp. KSM-64 tfc 
^^(D±/Uy— i? (Sumitomo 
fb „ Biosci. Biotechnol. 
Biochem., 56, 872-877, 1992) 

t <d m m tt 8 3 . 6 % N 

Bacillus sp. KSM-S237 

£ 1 

-013049 -§-) <t<£>ffi|5H4 
(18 6. 7 %T* fe tJ x *I§0J(7) 
mfe^-frh^— K^tlSNl 3 
1 a-fe/l^ — ££ftt>fliVv|B|Rl 



[0009] 

When the homology of the amino acid 
sequence of alkali cellulase (it shows it as 
N131a cellulase hereafter) and the amino acid 
sequence of conventionally well-known 
cellulase which are shown in sequence number 
1 of this invention is compared, the homology 
with the cellulase (Fukumori et al., 
J.Gen.Microbiol., 131, 3339-3345, 1985) which 
a Bacillus sp.No. 1139 strain produces is 
81.9%. 

The homology with the cellulase (Japanese 
Patent Application No. 11-013049) in which 237 
strain of Bacillus sp.KSM-S produces the 
homology with the cellulase (Sumitomo et al., 
Biosci.Biotechnol.Biochem., 56, 872-877, 1992) 
derived from Bacillus sp. KSM-64 strain 83.6% 
is 86.7%. 

The N131a cellulase coded from the gene of 
this invention and the highest homology were 
shown. 

However, it was not what is completely in 
agreement. 

This suggests that N131a cellulase is new alkali 
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N 1 3 1 air/l"7~ WffiWl cellulase. 

y jvjj V ±/Uy~—l2~X:foZ) t Therefore, the amino acid sequence shown in 

Sr^igH~<5 hO'Xrfo <9 ^ t£oT sequence number 1 and the cellulase which 

@S^iJ#>§- 1 fclTF U7tT 5: / @£5i has a maximum of 87 % or more homology are 

WlbM:^ 8 7 %M±.(Dffimfe £ contained in this invention. 



[0010] 

i-y/is$y±/is7—i? (j^t\ 

N 1 3 1 bir/i^y— if ^fBi" 
(D±/Uy—if(D y*y ^gfi^ij i: 

(DfamvkZitmi-%h. ±.m<o 

N 1 3 1 air/Uy— if £(£>fB|*| 
tttt 8 3. 6 %\ Bacillus sp. 
No.1139 m(O^Mt^^y- 
if t (Dfam&lZ 8 8. 0 %\ 
Bacillus sp. KSM-64$c&5fc<£>ir 
/Uy—Ht (Dffifflmt 9 0 . 
9 %-e£>ofc 0 $ b fc N Bacillus 

sp. ksm-s237 m*£.mi-z>± 

;Vy—M t ©fgl^tW 9 4 . 
7 % i: #3§0J<7>itfci^ 
K£tl5N 13 1b bMthm^ 

N 1 3 1 bir/^y— 
%}<D±/is7 —if £ te^d— @: 

y^y m&m t m± 9 5 

©ffi Ptt £ iTf 5 ir 7 — tf 
©llttGENENTYX-C 



[0010] 

Next, when the homology of the amino acid 
sequence of alkali cellulase (it shows it as 
N131b cellulase hereafter) and the amino acid 
sequence of conventionally well-known 
cellulase which are shown in sequence number 
2 of this invention was compared, the homology 
with the cellulase derived from 
Bacillussp. KSM-64 strain of the homology with 
the cellulase which, as for the homology with 
the above-mentioned N131a cellulase, a 
Bacillus sp.No. 1139 strain produces 83.6% 
was 90.9% 88.0%. 

Furthermore, the homology with the cellulase 
which 237 strain of Bacillus sp.KSM-S produces 
showed 94.7%, N131b coded from the gene of 
this invention, and the highest homology. 
N131b cellulase of conventionally well-known 
cellulase does not correspond completely, and 
this suggests that it is a new enzyme. 
Therefore, the amino acid sequence shown in 
sequence number 2 and the cellulase which 
has a maximum of 95 % or more homology are 
contained in this invention. 
In addition, it performed the search of homology 
with the maximum matching method which used 
the GENENTYX-CD bio-data software 
[software-development company make and 
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D 4 #7*— 9 V 7 ver.36]. 

[V7 h^TrjfllgttiSL v e 
r . 3 6] fcfflV^-^S'-rA 



[0011] 

@a?ij#-^i^b<«2 

as&ife. ®&^b< teflon 



[0011] 

The alkali cellulase gene of this invention 
should just code the amino acid sequence 
shown in sequence number 1 or 2, or its variant. 
However, what has the base sequence by 
which the base sequence shown by sequence 
number 3 or 4, 1 of this base sequence, or 
some bases were delete, substitute or added is 
desirable. 



[0 0 12] 

KSM-Nl 3 lftz^frbfv 

KSM 

— N 1 3 1 «c©a^WttR] 
A. HfW ; 

(a) nena^&tr^t* 

S (0. 6- 
7. 2/xm) 



0. 8X2. 8 



[0012] 

The alkali cellulase genes of this invention are 

the microorganisms belonging to the Bacillus, 

for example, Bacillus sp which has the following 

mycological characteristics. It can carry out 

a cloning from 1 31 strain of KSM-N etc. 

[Mycological characteristics of 131 strain of 

Bacillus sp KSM-N] 

A. Morphological characteristic; 

(a) Form and size of cell : Bacillus (0.6-0.8*2.8 

to 7.2 micrometer) 



(b) : ML 

(c) »t£ : #9 

(d) m-<om. <£H* 

BmcD^m-.mmts o. 7~ 

1. 0X1. 0~1. 8 nm, 



(b) Polymorphism : nothing 

(c) Manoeuverability : be. 

(d) Form of spore, size, position, existence of 
swelling : ellipse form, 0.7-1.0*1.0 to 1.8 
micrometer, center semi- end, those with 
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f^SS, Bm^Ki swelling 

( e ) y'y i^fe : (e) Gram's stain : positive 

( f ) triiH* : fiit£ (f) Acid-fastness : negativity 

[0 0 13] [0013] 

B . ig^^l^tiSC ; B. Culture study characteristic; 

( a ) — HxUB^fflMffcitiffi ( p (a) Broth for standard bacteria (pH5.7, medium 

H 5 . 7, 1 ) : £W-frT 1 ) : don't grow. 

( b ) — %kM^J%W.W-t%V& ( p (b) Broth for standard bacteria (pH6.8, medium 

H6. 8, Jfciftl) : ^WiH* 1 ): don't grow. 

( c ) — $>BMf8M^i&i& ( p (c) Agar for standard bacteria (pH6.5, medium 

H 6 . 5 , 2 ) : &1f1t? 2) : don't grow. 

(d) — 1G£ffl&f8M3zt&i& (p (d) Agar for standard bacteria (pH8.5, medium 

H8. 5, m&2) : £Wi~5 2): grow. 

[0014] [0014] 

C. £3l^#]Mt ; C. Physiological characteristic; 

( a ) fli^^©^7u; 3 ) : (a) Reduction of nitrate (medium 3) : positive 

HH4 (b) Denitrification reaction (medium 3) : 

( b ) BtMRfo (mm 3 ) : negativity 

( c ) VPt^F (i#±& 4 ) : 61 (c) VP test (medium 4) : negativity 

( d ) >f y K— /KD^fifc (Jgifi (d) Formation of indole (medium 5) : negativity 

5 ) : l^tt (e) Formation of hydrogen sulfide (medium 6) : 

(e) mkfcm<D$L& (mm negativity 

6 ) : (f) Hydrolysis of starch (medium 7) : positive 

( f ) f y^XDM^^M (i# (g) Hydrolysis of casein (medium 8) : negativity 

M7) : ME 

(g) XmXDltofotom (# 
MS) : &tt 

( h ) if 7 f 1/ (DW.it (h) Liquefying of gelatin (medium 9) : positive 

9) : - Utilization of 1 citric acid (medium 10) : 
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(i) ?^ym<D%m (mmi 

0) : $tt 

(j) i? :NH$ 

(k) ^v^-i? (ifi&l 

1 ) : m& 



negativity 

(j) Catalase : positive 

(k) Oxidase (medium 11) : positive 



(1) 4t(7)fii» (mm 1 

2) : 13-4 2°C, MillSIS : 
2 3 - 3 8 °C 

(m) £w^pHf£ia mmi 

3) : pH7. 6-10. 5, M 
ilf&K : p H 9 - 9 . 5 

(n) ^K&tfzmmo&w 
(mm 1 4 ) :^m^#TT«ii 

(o) ^3- Xfrb<Djf*M 
£ (#*fil 5) : Bttt 



(I) Temperature range of growth (medium 12) : 
13 to 42 degree C, optimum range:23-38 
degree C 

(m) The pH range of growth (medium 13) : 
pH7.6-10.5, optimum range:pH9-9.5 
(n) Influence of the oxygen in growth (medium 
14) : on anaerobic conditions, although it is 
feeble, grow. 

(o) Gas production from glucose (medium 15) : 
negativity 



(p) mti~h3 *}j»wm (it 
mi 6): 1 o%mt-fhv vj» 

( q ) mm.m<DM*ftm (mm 
1 7) : ma 

(r) A-t^JVtjV^)?*. 
]) )V- /3 — D — ?>Vt P =■ K 

(MUG) Ojn*^» (Jfifil 
8) :BH4 

( s ) mamm®. mm 19): 

^ * N i/=L — $ a— 

tyvy, ^y-t?n— /k y/v 



(p) Sodium chloride resistance (medium 16) : 
grow in a sodium chloride presence 10%. 
(q) Hydrolysis of hippuric acid (medium 17) : 
negativity 

(r) Hydrolysis of 4-methyl 

umbelliferyl-(beta)-D-glucuronide (MUG) 

(medium 18) : negativity 

(s) Utility of saccharide (medium 19) : it can 

grow the glucose, the arabinose, the xylose, a 

mannitol, the galactose, sucrose, the mannose, 

the maltose, a lactose, a trehalose, a fructose, 

the melibiose, the ribose, the salicin, a glycerol, 

sorbitol, etc. as a source of a carbon. 

It cannot utilize a rhamnose and an inositol as a 

source of a carbon. 
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[0 0 15] 

h y -)AttpH^ii 

J#j&3 : = a — h y h^n 

o. $mi- h y a 

0. (gtJSSS) 

7 3) o. 7li% Jfrffc^h 
y<7A0. 5li% 
*0. 5ti% (MUM), l*gt 
b y -7^0. 211% (« 

0) 



[0015] 

Medium 1 : The amount of nutrient-broth (Difco) 
commands and the diluted hydrochloric acid 
adjust pH. 

Medium 2: Adjust pH in the amount of nutrient 
agger (Difco) commands, and the sodium 
carbonate. 

Medium 3: 0.8 weight% of nutrient broth, 0.1 
weight% of potassium nitrate, 0.1 weight% 
(another sterilization) of sodium carbonate 
Medium 4: 0.7 weight% (Difco) of bacto 
peptone, 0.5 weight% of sodium chloride, 0.5 
weight% (another sterilization) of glucose, 0.2 
weight% (another sterilization) of sodium 
carbonate 



**i&5 



S I MitJfe ( B y^WM) 

/res, ^ithy^^o. i 

mM6 : t s i &m 
o. imm% mmm 

mi&7 : *9 b^b^l. 5 

o. si 

*% ^ttrVTV 2 . ofi 
7K4I0. 0 2li% MXl. 

5ms%, mmi-bv 7^0. 



Medium 5: The amount of SIM medium (Nissui 
Pharmaceuticals) commands, 0.1 weight% 
(another sterilization) of sodium carbonate, the 
filter paper for an indole production test (Nissui 
Pharmaceuticals) 

Medium 6: The amount of TSI agar (Eiken 
Chemical) commands, 0.1 weight% (another 
sterilization) of sodium carbonate 
Medium 7: 1.5 weight% of bacto peptone, 0.5 
weight% of yeast extract, 2.0 weight% of 
soluble starch, 0.1 weight% of phosphoric-acid 
1 hydrogen potassium, 0.02 weight% of 
magnesium-sulfate heptahydride, 1.5 weight% 
of agar, 0.2 weight% (another sterilization) of 
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2 MM.% (B'J^M) sodium carbonate 

i#*fe8 : WM^^-T- 0. 51 Medium 8: 0.5 weight% of yeast extract, 2.0 

S%x 2 . 0 11% weight% of glucose, 0.5 weight% of casein, 0.1 

XHjyO. 511% ]) weight% of phosphoric-acid 1 hydrogen 

1 tK^# y #i>> 0 . potassium, magnesium-sulfate heptahydride, 

fim-?Jf*i/$J*7fo1&^ 0. 0.02 weight%, 1.5 weight% of agar, 0.1 

0 2ii%S^l. 5jUk% N weight% (another sterilization) of sodium 

h y [)AO. 1 M4% (BU carbonate 

mm) 

i#jfe9 : -a-MJxyf^o Medium 9: 0.8 weight% of nutrient broth, 1.2 

XO. 8111 iiy^-yi. weight% of gelatin, 0.5 weight% of yeast 

2M% N SiS^^O. 5fi extract, 0.2 weight% (another sterilization) of 

S%> m.W.'i' Y V tf A 0 . 21 sodium carbonate 

4% (SUMS) Medium 10: 0.1 weight% of phosphoric-acid 1 

J#ifil 0 : y ^^ItK^T^^- hydrogen ammoniums, 0.1 weight% of 

-<)A0. y>i$t2 monobasic potassium phosphate, 

7k^# y >>i>> 0 . fifc magnesium-sulfate heptahydride, 0.02 

Wr?#%*s*?J* 7 0. 0 weight%, 0.2 weight% of sodium citrate, 1.5 

211*%, ? x-^Wt-f h }) $ & weight% of agar, 0.1 weight% (another 

0 . 2 1|Jk% N ^c 1 . 5 ii% sterilization) of sodium carbonate 

tifak-f V y !)A0. Medium 11: Cytochrome oxidase test filter 

WM) paper (Nissui Pharmaceuticals) 

1 1 : ^ h^nAt^^y Medium 12: Tryptocase soy The amount of 

— fc?f£!Mfft (BAMM) broth (BBL) commands, 0.1 weight% (another 

1 2 : h y zfr 4 *r~-7* sterilization) of sodium carbonate 

»MJ")A0. lMfc%(BU 

mm) 

i§ifi 1 3 : h y "fr 4 tr — x Medium 13: Tryptocase soy It adds the 

y^f* Ki^iiH" h y A sodium carbonate or the sodium hydroxide to a 

&3 V^fiTKH-fb-t" b y •> i>>£S'J broth after another sterilization, it adjusts pH. 

$tl§iH-$sAn pH^rpli Medium 14: The amount of anaerobic agger 

J#iffi 1 4 : X-^d t'yfTtf (Difco) commands, 0.2 weight% (another 

— (7^73) JbtfJIL j^St"?" sterilization) of sodium carbonate 
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h y *a 

Jgi&l 5 

ofi»% 

\ZX p H 
ifi&l 6 

^r* 1 . 

2. 0£ 
Oti% 

y -?ao 



0. 2fiir% (SiJil) 

, JStt-r-by *7ao. 

> ^ 1 . ol 

^/ — /H/y ko. 0 



h h y /h>(f 
0. 5fift%, 

5£*% x y^iTK 

AO. 3S*%> 

(sij^).^b^-hy 
1 6fis%, fitmi-b 

. 5fi*% (SUMS) 



Medium 15: Adjust pH in 1.0 weight% of bacto 
peptone, 0.5 weight% of sodium chloride, 1.0 
weight% of glucose, 0.002 weight% of phenol 
red, and the sodium hydroxide. 
Medium 16: 0.5 weight% (Difco) of 
bactotryptons, 1.5 weight% of yeast extract, 0.3 
weight% of phosphoric-acid 1 hydrogen 
potassium, 2.0 weight% of agar, 2.0 weight% 
(another sterilization) of glucose, 0 to 16 
weight% of sodium chloride, 0.5 weight% 
(another sterilization) of sodium carbonate 



Ofi4%, f*J^3r* (f^7n) 
O. 311%, @f#oc^*0. 

*%, y ymiAM-r b y *a 
0. 5fi*%, m%&i. 01 
&mi~bytJ»i. os 
m% ®mm) 

mmi8 : b b })7b-X 
(7^73) 2. 0fi*%, % 
it-fbVt&O. 5fi*%, > 

5ii%, MUG10 
0ppm(jtii««),^ife^h 

y -)ao. 3m*% (sijfti) 

fI19 : »U^0. 2 

y 1 *mi- bvv 

AO. 2 £4%, jfiffc-f bV*> 
AO. 5li%, StU-r^'V 
!>A 7tK^0. 0 0 5li% 



Medium 17: 1.0 weight% of bactotryptons, 0.3 
weight% (Difco) of meat extracts, 0.1 weight% 
of yeast extract, 0.1 weight% of glucose, 0.5 
weight% of phosphoric-acid 1 hydrogen 
sodium, 1.0 weight% of hippuric acid, 1.0 
weight% (another sterilization) of sodium 
carbonate 

Medium 18: 2.0 weight% (Difco) of bacto 
tryptose, 0.5 weight% of sodium chloride, 0.1 
weight% of cystein hydrochloride, 1.5 weight% 
of agar, MUG100 ppm (filtration sterilization), 
0.3 weight% (another sterilization) of sodium 
carbonate 

Medium 19: 0.2 weight% of potassium nitrate, 
0.2 weight% of phosphoric-acid 1 hydrogen 
sodium, 0.5 weight% of sodium chloride, 0.005 
weight% of magnesium-sulfate heptahydride, 
0.2 volume % of trace amount metal 
<mixed-liquid SP> *</SP>, 0.2 volume % of 
vitamin <mixed-liquid SP> **</SP>, the 
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fMk&MMe*0. 2^fi%, fcT carbonic acid buffer (pH10) 0.1 M, 0.3 weight% 
^^SjR"0. 2^1;%, j^gt (another sterilization) of agar, 1.0 weight% 
WMffl. ( p H 1 0 ) 0 . 1 M N (filtration sterilization) of sugars 

mxo. 3ms% mmm), ft 

^1. 0MM% (Mii$c®) It applies to Nielsen et al., Microbiology, 
* % * * ; Nielsen h , 141,1745-1761 (1995). 
Microbiology, 141, 
1 745-1 761 ( 1 995) ^ ifl-f § „ 



[0 0 16] 

KSM-N 1 3 lmt^P 

# * 7 — R&tt^ns^ M -e 

a^WttMt-ov^T^ Nielsen 

( Microbiology „ 141 ^ 
1745-1761, 1995) KmCitm 

mmmt it*i«^iisf 

fc°— KSM-N 13 1ft 
(FERMP- 1 7 4 7 5) t 



[0016] 

As mentioned above, 131 strain of KSM-N is 
alkalophilic bacteriums which it does not grow 
to a neutral medium. 

And since it was a gram-positive and catalase 
electropositive owner spore Bacillus, it was 
judged that they were alkali-loving Bacillus 
bacteria. 

Then, Nielsen and others did comparison 
examination about the morphology of 
this-microbe strain, and a physiological 
characteristic according to publication (1745- 
Microbiology, 141, 1761, 1995) of the newly 
categorized alkali-loving Bacillus bacteria. 
As a result, it was thought that this-microbe 
strain was a microbial species with close 
relation to a Bacillus shoed alcalophilus. 
However, since it is not in agreement with a 
known Bacillus shoed alcalophilus and 
completeness and in agreement with the 
characteristics of several of another Bacillus 
genus, the characteristic is Bacillus sp to an 
institute-of-technology biotechnology research 
laboratory about this-microbe strain as new 
Bacillus bacteria. It deposited as 131 strain 
(FERMP-17475) of KSM-N. 
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[0017] [0017] 

-hfflcDK SM— N 1 3 lffifrb As the cloning method of the alkali cellulase 

<DT)Vjj ]) Hi&izkTG) gene from 131 strain of above-mentioned 

9 tf — =->i?~j7feb LTfi N UE KSM-N, they are known means, for example, it 

ftHD^gk^ Mz.l3Li/a v btfy can carry out using the shotgun method and 

^ PCR&fc/Bl^TfT? r £ PCR method. 



[0018] 

Wi£s p U C 1 8 , pBR32 
2 S p HY 3 0 0 PLKW 

£\ pUB 1 1 0\ pHSP6 
4 ( Sumitomo h > Biosci. 
Biotechnol. Biochem., 59, 
2172-2175, 1995), pHY 3 0 

0 P LKf^^(f bft5o 



[0018] 

Moreover, what is necessary is for duplication 
maintenance to be possible within the host, and 
to be able to let this enzyme express stably and 
just to integrate an alkali cellulase gene in the 
vector which can maintain this gene stably, in 
order to produce the recombinant vector 
containing the alkali cellulase gene of this 
invention. 

When making an Escherichia coli into the host 
as this vector, pUC18, pBR322, and 
pHY300PLK etc. are mentioned, when making 
the Bacillus subtilis into the host, pUB110, 
pHSP64 (Sumitomo et al., 
Biosci.Biotechnol.Biochem., 59, 2172-2175, 
1995), and pHY300PLK etc. are mentioned. 



[0 0 19] 

Wy-y t>1r/I^ x^fn 

rim^o ls±MtLXtt 
WfcfMBRSftfcV^ Bacillus 
I(^I)W7«I; 



[0019] 

In order to transform a host microbe using the 
recombinant vector obtained by the thing which 
write, and to do, it can carry out using the 
protoplast method, the competent cell method, 
the electroporation method, etc. 
It does not limit particularly as a host microbe. 
However, gram positive bacteria, such as a 
Bacillus genus (Bacillus subtilis); 
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Escherichia coli {-XWiW) ^f<£> Gram negative bacteria, such as Escherichia 

^7-^1141 ; Streptomvces JS coli (Escherichia coli); 
(Mt$kW)s Saccharomvces JS Fungi, such as a Streptomyces genus 
G#ffck Aspergillus JS (# fcf) (actinomycetes), a Saccharomyces genus 

^^Kffi^^ff btb-So (yeast), and an Aspergillus genus (fungi), are 

mentioned. 



[0 0 2 0] 



u mi 



[0020] 

It cultivates the obtained transformed body, by 
collecting alkali cellulase from said culture 
medium, it can obtain alkali cellulase. 
What is sufficient is just to perform a culture on 
suitable conditions using the medium containing 
the source of a carbon which a host microbe or 
the transformant can utilize, the source of 
nitrogen, a metallic salt, a vitamin, etc. 
From the culture medium obtained by the thing 
which write, and to do, it can perform collection 
of an enzyme, and purification by the general 
method, and can consider it as the desired 
enzyme form according to freeze-dried, spray 
drying, crystallization, etc. 



[0 0 2 1] 



[0021] 



Lfct<Z)5r8 0°C, 3 0ftffl& 
^¥^M^Wtfc [2. 0 
-7s (A 1 0MC ; B*Um± 

m)s 1. om*%i*i^** u 

n±M)s 1. 011%/^ 



[EXAMPLES] 

Example 1 (screening of an alkali cellulase 
producing microbe) 

It heat-processes 80 degrees C of things which 
suspended the soil of every place of Japan in 
the sterilized water for 30 minutes, [2.0-weight% 
carboxymethylcellulose applied to the agar 
planar medium which has the following 
compositions (A10MC;) 

The Nippon Paper Industries make, the 
1.0-weight% meat extract (oxo id shrine make), 



6/6/2006 



20/3 Copyright (C) 2006 The Thomson Corporation. 



2 h^hy (fjyatiM). 
1. ofift%it^hy ^ 
o. 1 Sft% y ^ 2 y 

o. 5mm%mmi-h]) 
i}j*(wmm,o. o o 5S»% 

o°C(DJt*^3 gr^#Ei§« 

# 5 i§fl¥& ffi $ ftfc t> © \z 

(B^aastfcftlK i. ofi 
8),o. is y ^ i A 

m* ] )9J±. o. 

(fV7 3|il), 0. 0 
7 m*% V* *s >7 A 7 7k 

0. 111%*/^^^ 

*%^$H-hy ?a (S'M®) 
o°c, 3^mmmmmvtz 0 r 

jvjj y Ir/i/y— If Sr^jgLTl^ 
/v* y tt&T*^&7£t££^ L 

/W* zc^ t°— KSM-N 1 

3 ltfc£5t#LfCo 



the 1.0-weight% bacto peptone (made by a 
Difco company), 1.0-weight% sodium chloride, 
0.1-weight% monobasic potassium phosphate, 
the 0.5-weight% sodium carbonate (another 
sterilization), and the 0.005-weight% trypan 
blue (another sterilization)]. 
It carries out stationary culture for three days by 
a 30-degree C incubator, it selects about that 
from which the melting spots accompanying a 
degradation of carboxymethylcellulose were 
detected around the grown microbe, it repeated 
single colony-ization. 

It carried out the shaking culture of the 30 
degrees C of these strains for three days using 
the broth which constitutes of the 2.0-weight% 
polypeptone S (made by NIHON 
PHARMACEUTICAL CO., LTD.), the 
1 .0-weight% fish-meat extract (made by a Wako 
Purechemical KK), 0.15-weight% 

phosphoric-acid 1 hydrogen potassium, the 
0.1-weight% yeast extract (made by a Difco 
company), 0.07-weight% magnesium-sulfate 
heptahydride, 0.1-weight% 
carboxymethylcellulose, and the 0.5-weight% 
sodium carbonate (another sterilization). 
It chooses the strain which produces alkali 
cellulase, it is Bacillus sp as a cellulase 
producing microbe which showed activity 
especially powerful in a high alkaline region. 
It acquired 131 strain of KSM-N. 
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[0022] 

Example 2 (manufacture of the genome DNA of 
1 31 strain of Bacillus sp KSM-N) 
Bacillus sp Using the medium which 
constitutes of the 2.0-weight% polypeptone S, 
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the 0.1-weight% carboxy cellulose (A10MC), 
the 0.1-weight% yeast extract, the 1-weight% 
fish-meat extract, 0.15-weight% 

phosphoric-acid 1 hydrogen potassium, 
0.07-weight% magnesium-sulfate heptahydride, 
the 0.5-weight% sodium glutamate (another 
sterilization), and the 0.5-weight% sodium 
carbonate (another sterilization), 30 degrees C, 
it shook the culture of 131 strain of KSM-N for 
40 hours (125 rpm), and performed it. 
Centrifugation (12000*g, 15 minutes, 5 degrees 
C) recovers a microbial cell from about 300 ml_ 
of obtained culture mediums, it prepared 
genome DNA by the method of Saito and a 
Miura from this microbial cell. 
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[0023] 

Example 3 (cloning of an N131a cellulase gene 
fragment) 

Bacillus sp It decided the amino-terminus 
sequence of the cellulase purified from the 
culture supernatant of 131 strain of KSM-N to 
the 15th. 

As a result, it was 

Glu-Gly-Asn-Thr-Arg-Glu-Asp-Asn-Phe-Asp-His 
-Leu-Leu-Gly-Asn. 

This sequence is Bacillus sp. 237 strain of 
KSM-S, and Bacillus sp Amino-terminus 
sequence 

Glu-Gly-Asn-Thr-Arg-Glu-Asp-Asn-Phe-Lys-His 
-Leu-Leu-Gly-Asn of the KSM-64 strain alkali 
cellulase to produce and extremely high 
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homology were shown. 

Then, it also anticipates a middle amino acid 
sequence that homology may be high, it 
compounds primer 1 (sequence number 5) and 
primer 2 (sequence number 6) based on the 
amino terminus and middle amino acid 
sequence of S237 cellulase, it tried 
amplification of the gene which codes N131a 
cellulase using these according to PCR 
reaction. 

Namely, Bacillus sp It mixes 131 strain of 
KSM-N genome solution 1 micronL (100 ng), 
primer 1 and 220 micronL each (1 micronM), 
buffer 10 micronL for PCR, 2.5 mMdNTP mix 8 
micronL, PyrobestDNA polymerase (made by 
Takara company) 0.5 micronL (2.5 unit), and 
deionized-water 40 micronL, after 94 degrees C 
and the thermal denaturation for 2 minutes, by 
94 degrees C, it makes for 1 minute at 55 
degrees C for 1 minute, and makes for 2 
minutes into 1 cycle at 72 degrees C at thermal 
cycler 480 (made by Perkin-Elmer corporation), 
it performed amplification of DNA on 30-cycle 
reaction conditions. 

GFX PCR DNA and Gel Band Purification Kit 
(made by Pharmacia K.K.) purifies the acquired 
PCR production (about 1 kb), it decided the 
base sequence of the obtained DNA fragment 
using DNA Sequencing Kit (made by an applied 
bio-system company), and a 377DNA 
sequencer (made by a Perkin-Elmer bio-system 
company). 
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[0024] 

Example 4 (cloning by the genome PCR 
method of an N131a cellulase gene) 
Since the N131a cellulase gene decided in 
Example 3 was imperfect, it tried acquisition of 
all genes by Inverse PCR method. 
Namely, Bacillus sp It mixes 131 strain of 
KSM-N genome solution 10 micronL (8 
microgram), buffer 5 micronL for PCR, 
deionized-water 34 micronL, and EcoRM 
micronL (10 unit), 37 degrees C carried out 
restriction enzyme treatment for 2 hours and 30 
minutes. 

It carried out the self-ring closure after purifying 
the acquired genome cleavage product using 
Ligation Kit Ver.2 (made by the Takara 
company) (16 degrees C, 2 hours). 
It purifies DNA which carried out the self-ring 
closure, it used as a casting mould of Inverse 
PCR method. 

PCR reaction is self-ring-closure solution 1 
micronL, primer 3 (sequence number 7), and 
primer 4(sequence number 8) 20 micronL each 
(1 micronM), buffer 10 micronL for PCR, 2.5 
mMdNTP mix 8 micronL, after mixing Pyrobest 
DNA-polymerase 0.5 micronL (2.5 unit) and 
deionized-water 40.5 micronL, after 94 degrees 
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C and the thermal denaturation for 2 minutes, 
by 94 degrees C, it makes for 1 minute at 55 
degrees C for 1 minute, and makes for 3 
minutes into 1 cycle at 72 degrees C, it 
performed 30 cycles. 

It purifies the amplified DNA fragment (about 4 
kb(s)), among these, it decided the base 
sequence of about 2 kb(s). 
Since, the sequence of a perfect N131a 
cellulase gene and its upper approximately 
500b was decided in this phase, next, it 
advanced the base-sequence decision of a 
structural-gene downstream, and decided the 
base sequence of down-stream approximately 
200b. 

Based on the base sequence of the upstream 
region of a cellulase gene, and a downstream 
region, it compounds primer 5 (sequence 
number 9) and primer 6 (sequence number 10) 
from the obtained base sequence, bacillus sp 
It amplified the N131a cellulase gene by PCR 
method from the N131 strain genome. 
It decides the base sequence of the obtained 
gene, it presumed the amino acid sequence 
(sequence number 1 and 3). 
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(ftmfc&fti&M^Z. Example 5 (production of the N131a cellulase 

5N1 3 1 a —H(D£. by the transforming Bacillus subtilis) 

M) It connects the gene from the amino-terminus 

N 1 3 1 a -te/Vy — \£<DT ^ / side of N131a cellulase to a terminator 

^aSffiflfl^*— 5*— Tflft downstream with the Sall/BamHI part of a 
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plasmid (pHSP64), it introduced the built 
recombinant plasmid into 1214 strain of Bacillus 
subtilis ISW, and transformed it. 
It performed 30 degrees C and a 48-hour 
shaking culture in the medium (PM medium, 
pH6.8) which constitutes the transformant of the 
3.0-weight% polypeptone S, the 3.0-weight% 
maltose, the 0.5-weight% fish-meat extract, the 
0.1-weight% yeast extract, 0.1-weight% 
monobasic potassium phosphate, 0.02-weight% 
magnesium-sulfate heptahydride, and 
tetracycline (7.5 microgram/mL). 
The activity of the cellulase in the culture 
supernatant obtained by the centrifugation (for 
8000*g and 20 minutes, 4 degrees C) was 
about 20000 U/L 
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[0026] 

Example 6 (cloning by the genome PCR 
method of an N131b cellulase gene) 
The sequence which was similar with the 
sequence of N131a cellulase when a cloning of 
N131a cellulase was performed is Bacillus sp. 
Possibility of existing on the genome of 131 
strain of KSM-N was suggested. 
Then, it compounds a primer 7-12 (sequence 
number 11-16) based on the amino terminus 
and middle amino acid sequence of S237 
cellulase like the method used on the occasion 
of a cloning of an N131a cellulase gene, it 
performed amplification of the gene which 
codes N131b cellulase by PCR method. 
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Namely, Bacillus sp It mixes ten micronL(s) 
each (0.3 micronM), buffer 10 micronLfor PCR, 
2.5 mMdNTP mix 8 micronL, deionized-water 
60 micronL, and PwoDNA polymerase (made 
by Boehringer-Mannheim company) 1 micronL 
(5 unit) for the combination of genome solution 
1 micronL (70 ng) of 131 strain of KSM-N, and a 
primer, after 94 degrees C and the thermal 
denaturation for 2 minutes, by 94 degrees C, it 
makes for 1 minute at 55 degrees C for 1 
minute, and makes for 3 minutes into 1 cycle at 
72 degrees C, it performed amplification of DNA 
on 30-cycle reaction conditions. 
It purifies the acquired PCR production using 
High Pure PCR Product Purification Kit (made 
by a Boehringer-Mannheim company), 377DNA 
sequencer- each decided the base sequence. 
The presence of the gene fragment considered 
to be the gene fragment and the stop codon, 
and its down-stream region of some which are 
considered to code the amino terminus of 
N131b cellulase or subsequent ones compared 
with a S237 cellulase gene in the base 
sequence of the obtained gene fragment was 
suggested. 

However, the perfect base sequence was not 
acquired as a gene fragment about not 
deciding, the initiating codon, and the region of 
the vicinity. 

First, it is Bacillus sp in order to acquire the 
gene which codes the upstream region from an 
amino terminus. Various restriction 

enzymes (Sau 3A, EcoRI, Hindlll) degrade 
genome-DNA 4 microgram of 131 strain of 
KSM-N, it made what was connected with the 
cassette using the LA PCR in vitro cloning kit 
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(Takara Shuzo) for the PCR reaction [primer 13 
(sequence number 17) and primer 14 
(sequence number 18) to the casting mould. 
As a result, amplification of DNA is observed 
about the sample treated by Hindlll, it decided 
the base sequence of this amplification 
fragment (about 0.4 kb(s)). 
As a result, the gene fragment which codes the 
upstream region from the amino terminus of 
N131 b cellulase was checked. 
However, when the analysis was conducted, it 
became clear from the initiating codon that an 
amber codon (TGA) exists in 34 base 
downstream. 

Since there is a report of coding the tryptophan 
rarely extremely in the Bacillus subtilis about an 
amber codon (TGA) (Lovett et al., J. Bacteriol., 
173, 1810-1812, 1991), possibility of coding the 
tryptophan was also suggested in this gene. 
However, a sequence required for the 
translation start of a ribosome binding site etc. 
was not discovered by the upper part of the 
initiating codon, but it also became clear that 
many ochre codons (TAA) exist. 
Therefore, it was thought that this gene had 
high possibility of being the false gene which 
does not express in the cell. 
In order to decide the base sequence which 
codes a perfect N131b cellulase gene, it used 
primer 15 (sequence number 19) and primer 16 
(sequence number 20), and performed PCR 
reaction. 

The base sequence eventually decided and the 
amino acid sequence presumed were shown in 
sequence number 2 and sequence number 4. 
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[0027] 

Example 7 (production of the N131b cellulase 
by the transforming Bacillus subtilis) 
It is Bacillus sp as region required for the 
expression of a gene in order to produce the 
N131b cellulase which may not express in the 
cell. It is the [primer 17 (sequence number 
21) and primer 18 (sequence number 22) which 
amplified the upper expression region of the 
alkali cellulase gene (Biosci. Biotechnol. 
Sumitomo et al., Biochem., 56,827- 877, 1992) 
derived from KSM-64 strain Use] 
It purifies the N131b cellulase gene fragment 
and the upper expression region gene fragment 
which were obtained, recombinant PCR method 
performed amplification of DNA using primer 16 
(sequence number 20) and primer 17 
(sequence number 21 ). 

It purifies the acquired chimera gene, it 
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connected with plasmid pHY300PLK (made by 
Yakult Honsha) treated beforehand at the same 
restriction enzyme after treatment by restriction 
enzyme Bglll Hindlll. 

It introduces the obtained recombinant plasmid 
into 1214 strain of Bacillus subtilis ISW by the 
protoplast method, it performed transforming. 
It carried out the shaking culture of the 30 
degrees C of the transformant for 72 hours in 
PM medium (it set the tetracycline to 15 
microgram(s)/ml_). 

The activity of the cellulase in the culture 
supernatant obtained by the centrifugation was 
about 33000 U/L 
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[0028] 

[Enzyme active measuring method] 
0.2 ml_ 0.5M glycine- sodium-hydroxide buffer 
(pH9.0), 0.4 mL 2.5-weight% 
carboxymethylcellulose (A01MC;) 
After adding the 0.1 mL enzyme liquid diluted 
suitably to the reaction mixture which 
constitutes of the Nippon Paper Industries make 
and a 0.3 mL deionized water and letting it react 
to it for 20 minutes, it adds the 1 mL dinitro 
salicylic-acid reagent (the 0.5-weight% dinitro 
salicylic acid, the 30-weight% Rochelle salt, the 
1 .6-weight% sodium-hydroxide aqueous 
solution), it performed the color development of 
the reducing sugar for 5 minutes in boiling 
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water. 

It quenches in ice water, it added the 4 mL 
deionized water, it measured the absorbence in 
535 nm, and calculated the produced amount of 
the reducing sugar. 

In addition, a blank adds enzyme liquid, after 
adding the dinitro salicylic-acid reagent to the 
reaction mixture treated without adding enzyme 
liquid, it prepared what was developed colors 
similarly. 

It made 1 unit (1 U) of enzymes into the quantity 
which forms the reducing sugar of the glucose 
of 1 micrometerol in 1 minute on the 
above-mentioned reaction conditions. 
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[0029] 

Reference Example 1 (the optimal reaction pH 
of N131a cellulase) 

It examined the optimal reaction pH using each 
buffer (100 mM) of citrate buffer solution 
(pH4-7), a phosphate buffer (pH6-8), tris- 
hydrochloric-acid buffer (pH7-9), glycine- 
sodium -hydroxide buffer (pH8-11), and 
phosphoric-acid-sodium-hydroxide buffer 
(pH12-12.5). 

As a result, N1 31 a cellulase showed the highest 
reaction rate in the glycine- sodium-hydroxide 
buffer of pH9-9.5. 

Moreover, it had the activity of 50 % or more of 
the maximum activity between 11 from pH7 
(FIG. 1). 



[0 0 3 0] 



[0030] 
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###>J 2 (N 1 3 1 b Reference Example 2 (the optimal reaction pH 

•&<D§cM.lxJ& P H) of N1 31 b cellulase) 

##0iJ 1 t^^LTN 13 1 It examined the optimal reaction pH of N131b 

b w_ " C^ilJxJfr pH^: cellulase like Reference Example 1 . 

SnHfclnjik pH9 — 9. 5 <£> As a result, the highest reaction rate in the 

i/U i/ls-jMfci- h V glycine- sodium -hydroxide buffer of pH9-9.5 

9fjR t f , "Cftt>Jfi!iV^SJi&8[ftSr^ was shown. 

Lfc 0 $ fc N pH7^bl Moreover, it had the activity of 50 % or more of 

Flt*t^lSttO5 0%£J[±(D}g the maximum activity between 11 from pH7 

tt£^FLTV\fc (02). (FIG. 2). 

[00 3 1] [0031] 

HSW <£>$:£] [ADVANTAGE OF THE INVENTION] 

(DT y-fe/^y— ifit If the alkali cellulase gene of this invention is 

{Ei^fflv^tU^ afc^ffii^k used, alkali cellulase useful as the detergent for 

ffifi&Z&Mffl^b X^X^WaTiv garments, a fiber processing agent, etc. is 

# y ir/i/y — if £r^-— ILo^il producible individually and in large quantities. 

5 r t & -*tmx*h 5o 

[0 0 3 2] [0032] 

IW&m] [SEQUENCE TABLE] 

SEQUENCE LISTING SEQUENCE LISTING 

<110> KAO CORPORATION <110> KAO CORPORATION 

<120> Gene for Alkaline <120> Gene for Alkaline Cellulase 
Cellulase 

<1 30> P00741 202 <1 30> P00741 202 

<160>22 <160>22 

<210>1 <210>1 

<211>859 <211>859 

<212> PRT <212> PRT 

<21 3> Bacillus sp. <21 3> Bacillus sp. 

<400> 1 <400> 1 
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Met Met Leu Arg Lys Lys Thr Met Met Leu Arg Lys Lys Thr Lys Gin Leu lie 

Lys Gin Leu He Ser Ser Thr Leu Ser Ser Thr Leu lie 

He 

5 5 10 15 

10 15 Leu Val Leu Leu Leu Ser Leu Phe Pro Thr Ala 

Leu Val Leu Leu Leu Ser Leu Leu Ala Ala Glu Gly 

Phe Pro Thr Ala Leu Ala Ala 20 25 

Glu Gly 30 

20 Asn Thr Arg Glu Asp Asn Phe Asp His Leu Leu 

25 30 Gly Asn Glu Asn Val 

Asn Thr Arg Glu Asp Asn Phe 
Asp His Leu Leu Gly Asn Glu 
Asn Val 

35 35 40 

40 45 45 

Lys Arg Pro Ser Glu Ala Gly Ala Lys Arg Pro Ser Glu Ala Gly Ala Leu Gin Leu 

Leu Gin Leu Lys Glu Val Asp Lys Glu Val Asp Gly 

Gly 50 55 

50 55 60 

60 Gin Met Thr Leu Val Asp Gin His Gly Glu Lys He 

Gin Met Thr Leu Val Asp Gin Gin Leu Arg Gly 
His Gly Glu Lys lie Gin Leu Arg 
Gly 

65 70 65 70 

75 80 75 80 

Met Ser Thr His Gly Leu Gin Met Ser Thr His Gly Leu Gin Trp Phe Pro Glu lie 

Trp Phe Pro Glu He Leu Asn Leu Asn Asp Asn 

Asp Asn 85 90 

85 95 

90 95 Ala Tyr Lys Ala Leu Ser Asn Asp Trp Asp Ser 

Ala Tyr Lys Ala Leu Ser Asn Asn Met He Arg Leu 
Asp Trp Asp Ser Asn Met lie 
Arg Leu 
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100 100 105 

105 110 110 

Ala Met Tyr Val Gly Glu Asn Gly Ala Met Tyr Val Gly Glu Asn Gly Tyr Ala Thr Asn 

Tyr Ala Thr Asn Pro Glu Leu He Pro Glu Leu He 

115 115 120 

120 125 125 

Lys Gin Arg Val He Asp Gly lie Lys Gin Arg Val He Asp Gly lie Glu Leu Ala lie 

Glu Leu Ala He Glu Asn Asp Glu Asn Asp Met 

Met 

130 135 130 135 

140 140 

Tyr Val He Val Asp Trp His Val Tyr Val He Val Asp Trp His Val His Ala Pro Gly 

His Ala Pro Gly Asp Pro Arg Asp Pro Arg Asp 

Asp 145 150 

145 150 155 160 

155 160 Pro Val Tyr Ala Gly Ala Glu Asp Phe Phe Arg 

Pro Val Tyr Ala Gly Ala Glu Asp Asp He Ala Ala Leu 

Phe Phe Arg Asp He Ala Ala 

Leu 

165 165 170 

170 175 175 

Tyr Pro Asn Asn Arg His He He Tyr Pro Asn Asn Arg His He He Tyr Glu Leu Ala 

Tyr Glu Leu Ala Asn Glu Pro Asn Glu Pro Ser 

Ser 180 185 

180 190 

185 190 Ser Asn Asn Asn Gly Gly Ala Gly lie Pro Asn 

Ser Asn Asn Asn Gly Gly Ala Asn Glu Glu Gly Trp 
Gly lie Pro Asn Asn Glu Glu Gly 
Trp 



195 195 200 

200 205 205 

Lys Ala Val Lys Glu Tyr Ala Asp Lys Ala Val Lys Glu Tyr Ala Asp Pro He Val Glu 
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or^uu i -£.0 1 



Pro He Val Glu Met Leu Arg Asp Met Leu Arg Asp 

210 215 210 215 

220 220 

Ser Gly Asn Ala Asp Asp Asn Ser Gly Asn Ala Asp Asp Asn lie He lie Val Gly 

He lie He Val Gly Ser Pro Asn Ser Pro Asn Trp 

Trp 

225 230 225 230 

235 240 235 240 

Ser Gin Arg Pro Asp Leu Ala Ser Gin Arg Pro Asp Leu Ala Ala Asp Asn Pro 

Ala Asp Asn Pro He Asn Asp His lie Asn Asp His His 

His 245 250 

245 255 

250 255 Thr Met Tyr Thr Val His Phe Tyr Ser Gly Ser His 

Thr Met Tyr Thr Val His Phe Tyr Ala Ala Ser Thr 
Ser Gly Ser His Ala Ala Ser Thr 

260 260 265 

265 270 270 

Glu Ser Tyr Pro Pro Glu Thr Pro Glu Ser Tyr Pro Pro Glu Thr Pro Asn Ser Glu 

Asn Ser Glu Arg Gly Asn Val Arg Gly Asn Val Met 

Met 275 280 

275 285 

280 285 Ser Asn Thr Arg Tyr Ala Leu Glu Asn Gly Val Ala 

Ser Asn Thr Arg Tyr Ala Leu Val Phe Ala Thr 
Glu Asn Gly Val Ala Val Phe Ala 
Thr 

290 295 290 295 

300 300 

Glu Trp Gly Thr Ser Gin Ala Asn Glu Trp Gly Thr Ser Gin Ala Asn Gly Asp Gly 

Gly Asp Gly Gly Pro Tyr Phe Gly Pro Tyr Phe Asp 

Asp 305 310 

305 310 315 320 

315 320 Glu Ala Asp Val Trp He Glu Phe Leu Asn Glu 

Glu Ala Asp Val Trp He Glu Phe Asn Asn He Ser Trp 
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Leu Asn Glu Asn Asn lie Ser 
Trp 

325 325 330 

330 335 335 

Ala Asn Trp Ser Leu Thr Asn Ala Asn Trp Ser Leu Thr Asn Lys Asn Glu Val 

Lys Asn Glu Val Ser Gly Ala Ser GlyAla PheThr 

Phe Thr 340 345 

340 350 

345 350 Pro Phe Glu Leu Gly Lys Ser Asn Ala Thr Ser 

Pro Phe Glu Leu Gly Lys Ser Leu Asp Pro Gly Pro 
Asn Ala Thr Ser Leu Asp Pro 
Gly Pro 

355 355 360 

360 365 365 

Asp Gin Val Trp Ala Pro Glu Glu Asp Gin Val Trp Ala Pro Glu Glu Leu Ser Leu 

Leu Ser Leu Ser Gly Glu Tyr Val Ser Gly Glu Tyr Val 

370 375 370 375 

380 380 

Arg Ala Arg lie Lys Gly Ala Lys Arg Ala Arg He Lys Gly Ala Lys Tyr Glu Pro He 

Tyr Glu Pro lie Asp Arg Thr Arg Asp Arg Thr Arg 

385 390 385 390 

395 400 395 400 

Tyr Thr Lys Val Leu Trp Asp Tyr Thr Lys Val Leu Trp Asp Phe Asn Asp Gly 

Phe Asn Asp Gly Thr Lys Gin Thr Lys Gin Gly Phe 

Gly Phe 405 410 

405 415 

410 415 Gly Val Asn Ser Asp Ser Pro Asn Lys Glu Ala He 

Gly Val Asn Ser Asp Ser Pro Glu Val Glu Asn 
Asn Lys Glu Ala He Glu Val Glu 
Asn 

420 420 425 

425 430 430 
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Glu Asn Gly Thr Leu Arg He Ser Glu Asn Gly Thr Leu Arg lie Ser Gly Leu Asn Val 

Gly Leu Asn Val Ser Asn Asp Ser Asn Asp Leu 

Leu 435 440 

435 445 

440 445 Ser Asp Gly Asn Phe Trp Ala Asn Val Arg Leu 

Ser Asp Gly Asn Phe Trp Ala Ser Ala Asn Gly Trp 
Asn Val Arg Leu Ser Ala Asn 
Gly Trp 

450 455 450 455 

460 460 

Gly Lys Ser Val Asp He Leu Ser Gly Lys Ser Val Asp He Leu Ser Ala Glu Lys Leu 

Ala Glu Lys Leu Thr Met Asp Thr Met Asp Gly 

Gly 465 470 

465 470 475 480 

475 480 He Val Asp Glu Pro Thr Thr Val Ala lie Ala Ala He 

He Val Asp Glu Pro Thr Thr Val Pro Gin Ser 

Ala He Ala Ala He Pro Gin Ser 

485 485 490 

490 495 495 

Thr Lys His Gly Trp Ala Asn Pro Thr Lys His Gly Trp Ala Asn Pro Glu Arg Ser Val 

Glu Arg Ser Val Lys Val Thr Glu Lys Val Thr Glu 

500 500 505 

505 510 510 

Ala Asp Phe Val Lys Gin Asp Ala Asp Phe Val Lys Gin Asp Asp Gly Lys Tyr 

Asp Gly Lys Tyr Lys Ala Leu Lys Ala Leu Leu Thr 
Leu Thr 

515 515 520 

520 525 525 

He Thr Gly Asp Asp Ala Pro Asn lie Thr Gly Asp Asp Ala Pro Asn Leu Lys Asn He 

Leu Lys Asn lie Gly Phe Asp Gly Phe Asp Asp 

Asp 530 535 

530 535 540 

540 Glu Asn Asn Asn Met Asn Asn He He Leu Phe 
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Glu Asn Asn Asn Met Asn Asn Val Gly Thr Glu Ala 

lie lie Leu Phe Val Gly Thr Glu 

Ala 

545 550 545 550 

555 560 555 560 

Ala Asp Val He Tyr Leu Asp Asn Ala Asp Val He Tyr Leu Asp Asn He Lys Val Thr 

lie Lys Val Thr Gly Lys He Val Gly Lys He Val 

565 565 570 

570 575 575 

Glu He Pro Val Val His Ser Pro Glu He Pro Val Val His Ser Pro Lys Gly Asp Ala 

Lys Gly Asp Ala Ala Leu Pro Ala Leu Pro Ser 

Ser 

580 580 585 

585 590 590 

Asn Phe Glu Asp Gly Thr Arg Asn Phe Glu Asp Gly Thr Arg Gin Gly Trp Asp 

Gin Gly Trp Asp Trp Ala Gly Glu Trp Ala Gly Glu Ser 

Ser 595 600 

595 605 

600 605 Gly Val Lys Thr Ala Leu Thr lie Glu Glu Ala Asn 

Gly Val Lys Thr Ala Leu Thr He Gly Ser Gin Ala 
Glu Glu Ala Asn Gly Ser Gin Ala 

610 615 610 615 

620 620 

Leu Ser Trp Glu Phe Gly Tyr Leu Ser Trp Glu Phe Gly Tyr Pro Glu Val Lys 

Pro Glu Val Lys Pro Ser Asp Pro Ser Asp Asn Trp 

Asn Trp 625 630 

625 630 635 640 

635 640 Ala Ser Ala Pro Arg Leu Asp Phe His Lys Asp 

Ala Ser Ala Pro Arg Leu Asp Asn Leu Val Arg Gly 

Phe His Lys Asp Asn Leu Val 

Arg Gly 

645 645 650 
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650 655 655 

Glu Asn Asp Tyr Val Ala Phe Glu Asn Asp Tyr Val Ala Phe Asp Phe Tyr He 

Asp Phe Tyr lie Asp Pro Ala Arg Asp Pro Ala Arg Ala 

Ala 660 665 

660 670 

665 670 Thr Glu Gly Ala Met Asn He Asn Leu Val Phe 

Thr Glu Gly Ala Met Asn lie Asn Gin Pro Pro Ala Asn 
Leu Val Phe Gin Pro Pro Ala 
Asn 

675 675 680 

680 685 685 

Gly Tyr Trp Val Gin Ala Pro Lys Gly Tyr Trp Val Gin Ala Pro Lys Thr Phe Thr He 

Thr Phe Thr lie Asn Phe Glu Asn Phe Glu Glu 

Glu 690 695 

690 695 700 

700 Leu Glu Glu Ala Asn Gin Val Asn Gly Leu Tyr 

Leu Glu Glu Ala Asn Gin Val His Tyr Glu Val Lys 
Asn Gly Leu Tyr His Tyr Glu Val 
Lys 

705 710 705 710 

715 720 715 720 

He Asn Val Arg Asp He Ala Asn He Asn Val Arg Asp lie Ala Asn lie Gin Asp Asp 

He Gin Asp Asp Thr Val Leu Arg Thr Val Leu Arg 

725 725 730 

730 735 735 

Asn Met He Leu He Phe Ala Asp Asn Met He Leu lie Phe Ala Asp Val Gin Ser Asp 

Val Gin Ser Asp Phe Ala Gly Phe Ala Gly Arg 

Arg 

740 740 745 

745 750 750 

Val Phe Val Asp Asn Val Arg Val Phe Val Asp Asn Val Arg Phe Glu Ala Ser 

Phe Glu Ala Ser Ala Thr Glu Ala Thr Glu Pro Val 

Pro Val 755 760 
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755 765 

760 765 Glu Pro Val Glu Pro Val Asp Pro Ala Pro Val Glu 

Glu Pro Val Glu Pro Val Asp Pro Pro Glu Pro Val 
Ala Pro Val Glu Pro Glu Pro Val 

770 775 770 775 

780 780 

Asp Pro Gly Glu Glu Thr Pro Asp Pro Gly Glu Glu Thr Pro Pro Val Asp Glu 

Pro Val Asp Glu Lys Glu Ala Ala Lys Glu Ala Ala Lys 

Lys 785 790 

785 790 795 800 

795 800 Glu Glu Arg Glu Ala Ala Lys Ala Glu Arg Glu Ala 

Glu Glu Arg Glu Ala Ala Lys Ala Ala Arg Glu Ala 

Glu Arg Glu Ala Ala Arg Glu Ala 

805 805 810 

810 815 815 

Ala Lys Glu Glu Arg Glu Glu Ala Ala Lys Glu Glu Arg Glu Glu Ala Arg Glu Ala Ala 

Arg Glu Ala Ala Lys Glu Glu Arg Lys Glu Glu Arg 

820 820 825 

825 830 830 

Glu Ala Ala Lys Ala Glu Arg Glu Glu Ala Ala Lys Ala Glu Arg Glu Ala Ala Arg Glu 

Ala Ala Arg Glu Ala Ala Lys Ala Ala Ala Lys Ala 

835 835 840 

840 845 845 

Glu Arg Glu Ala Lys Lys Glu Ala Glu Arg Glu Ala Lys Lys Glu Ala Lys Lys Lys 

Lys Lys Lys 850 855 
850 855 

[0 0 3 3] [0033] 

<210>2 <210>2 

<211> 813 <211> 813 

<212> PRT <212> PRT 

<213> Bacillus sp. <213> Bacillus sp. 
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<400> 2 <400> 2 

Met Leu Leu His Gin Leu Leu Met Leu Leu His Gin Leu Leu He Phe Glu 

He Phe Glu Gly(Trp)Ser Gin Lys Gly(Trp)Ser Gin Lys Val 

Val 5 10 15 

5 

10 15 

Leu Ala Ala Glu Gly Asn Thr Arg Leu Ala Ala Glu Gly Asn Thr Arg Glu Asp Asn 

Glu Asp Asn Phe Lys His Leu Phe Lys His Leu Leu 

Leu 20 25 

20 30 

25 30 Gly Asn Asp Asn Val Lys Arg Pro Ser Glu Ala 

Gly Asn Asp Asn Val Lys Arg Gly Ala Leu Gin Leu 

Pro Ser Glu Ala Gly Ala Leu Gin 35 40 

Leu 45 
35 

40 45 

Gin Glu Val Asp Gly Gin Met Gin Glu Val Asp Gly Gin Met Thr Leu Val Asp 

Thr Leu Val Asp Gin His Gly Glu Gin His Gly Glu Lys 

Lys 50 55 

50 55 60 

60 He Gin Leu Arg Gly Met Ser Thr His Gly Leu Gin 

He Gin Leu Arg Gly Met Ser Thr Trp Phe Pro Glu 

His Gly Leu Gin Trp Phe Pro 65 70 

Glu 75 80 
65 70 
75 80 

He Leu Asn Asp Asn Ala Tyr Lys He Leu Asn Asp Asn Ala Tyr Lys Ala Leu Ser 

Ala Leu Ser Asn Asp Trp Asp Asn Asp Trp Asp Ser 

Ser 85 90 

85 95 

90 95 Asn Met He Arg Leu Ala Met Tyr Val Gly Glu Asn 

Asn Met lie Arg Leu Ala Met Tyr Gly His Ala Thr 

Val Gly Glu Asn Gly His Ala Thr 100 105 
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100 110 
105 110 

Asn Pro Glu Leu lie Lys Gin Arg Asn Pro Glu Leu He Lys Gin Arg Val lie Asp Gly 

Val lie Asp Gly He Glu Leu Ala lie Glu Leu Ala 

115 115 120 

120 125 125 

He Glu Asn Asp Met Tyr Val He He Glu Asn Asp Met Tyr Val lie Val Asp Trp His 

Val Asp Trp His Val His Ala Pro Val His Ala Pro 

130 135 130 135 

140 140 

Gly Asp Pro Arg Asp Pro Val Tyr Gly Asp Pro Arg Asp Pro Val Tyr Ala Gly Ala Lys 

Ala Gly Ala Lys Asp Phe Phe Asp Phe Phe Arg 

Arg 145 150 

145 150 155 160 

155 160 Glu He Ala Ala Leu Tyr Pro Asn Asn Pro His lie 

Glu He Ala Ala Leu Tyr Pro Asn He Tyr Glu Leu 

Asn Pro His He He Tyr Glu Leu 1 65 1 70 

165 175 
170 175 

Ala Asn Glu Pro Ser Ser Asn Ala Asn Glu Pro Ser Ser Asn Asn Asn Gly Gly 

Asn Asn Gly Gly Ala Gly lie Pro Ala Gly lie Pro Asn 

Asn 180 185 

180 190 

1 85 1 90 Asn Glu Glu Gly Trp Lys Ala Val Lys Glu Tyr Ala 

Asn Glu Glu Gly Trp Lys Ala Val Asp Pro He Val 

Lys Glu Tyr Ala Asp Pro I le Val 1 95 200 

195 205 
200 205 

Gin Met Leu Arg Lys Ser Gly Gin Met Leu Arg Lys Ser Gly Asn Ala Asp Asp 

Asn Ala Asp Asp Asn He lie lie Asn He He He Val 

Val 210 215 

210 215 220 
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220 Gly Ser Pro Asn Trp Ser Gin Arg Pro Asp Leu 

Gly Ser Pro Asn Trp Ser Gin Ala Ala Asp Asn Pro 

Arg Pro Asp Leu Ala Ala Asp 225 230 

Asn Pro 235 240 
225 230 
235 240 

He Asp Asp His His Thr Met Tyr lie Asp Asp His His Thr Met Tyr Thr Val His Phe 

Thr Val His Phe Tyr Thr Gly Ser Tyr Thr Gly Ser 

245 245 250 

250 255 255 

His Ala Ala Ser Thr Glu Ser Tyr His Ala Ala Ser Thr Glu Ser Tyr Pro Pro Glu Thr 

Pro Pro Glu Thr Pro Asn Ser Pro Asn Ser Glu 

Glu 260 265 

260 270 
265 270 

Arg Gly Asn Val Met Ser Asn Arg Gly Asn Val Met Ser Asn Thr Arg Tyr Ala 

Thr Arg Tyr Ala Leu Glu Asn Gly Leu Glu Asn Gly Val 

Val 275 280 

275 285 

280 285 Ala Val Phe Ala Thr Glu Trp Gly Thr Ser Gin Ala 

Ala Val Phe Ala Thr Glu Trp Gly Asn Gly Asp Gly 

Thr Ser Gin Ala Asn Gly Asp 290 295 

Gly 300 
290 295 

300 

Gly Pro Tyr Phe Asp Glu Ala Gly Pro Tyr Phe Asp Glu Ala Asp Val Trp He Glu 

Asp Val Trp He Glu Phe Leu Phe Leu Asn Glu 

Asn Glu 305 310 

305 310 315 320 

315 320 Asn Asn He Ser Trp Ala Asn Trp Ser Leu Thr 

Asn Asn He Ser Trp Ala Asn Trp Asn Lys Asn Glu Val 

Ser Leu Thr Asn Lys Asn Glu 325 330 

Val 335 
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325 



330 



335 



Ser Gly Ala Phe Thr Pro Phe Ser Gly Ala Phe Thr Pro Phe Glu Leu Gly Lys 

Glu Leu Gly Lys Ser Asn Ala Ser Asn Ala Thr Ser 

Thr Ser 340 345 

340 350 

345 350 Leu Asp Pro Gly Pro Asp Gin Val Trp Val Pro 

Leu Asp Pro Gly Pro Asp Gin Glu Glu Leu Ser Leu 

Val Trp Val Pro Glu Glu Leu Ser 355 360 

Leu 365 
355 

360 365 

Ser Gly Glu Tyr Val Arg Ala Arg Ser Gly Glu Tyr Val Arg Ala Arg He Lys Gly Val 

He Lys Gly Val Asn Tyr Glu Pro Asn Tyr Glu Pro 

370 375 370 375 

380 380 

He Asp Arg Thr Lys Tyr Thr Lys lie Asp Arg Thr Lys Tyr Thr Lys Val Leu Trp Asp 

Val Leu Trp Asp Phe Asn Asp Phe Asn Asp Gly 

Gly 385 390 

385 390 395 400 

395 400 



Thr Lys Gin Gly Phe Gly Val Thr Lys Gin Gly Phe Gly Val Asn Ser Asp Ser 

Asn Ser Asp Ser Pro Asn Lys Pro Asn Lys Glu Leu 

Glu Leu 405 410 

405 415 

41 0 41 5 He Ala Val Asp Asn Glu Asn Asn Thr Leu Lys Val 

lie Ala Val Asp Asn Glu Asn Asn Ser Gly Leu Asp 

Thr Leu Lys Val Ser Gly Leu 420 425 

Asp 430 
420 

425 430 

Val Ser Asn Asp Val Ser Asp Val Ser Asn Asp Val Ser Asp Gly Asn Phe Trp 
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Gly Asn Phe Trp Ala Asn Ala Ala Asn Ala Arg Leu 

Arg Leu 435 440 

435 445 

440 445 Ser Ala Asn Gly Trp Gly Lys Ser Val Asp lie Leu 

Ser Ala Asn Gly Trp Gly Lys Ser Gly Ala Glu Lys 

Val Asp lie Leu Gly Ala Glu Lys 450 455 

450 455 460 

460 

Leu Thr Met Asp Val lie Val Asp Leu Thr Met Asp Val lie Val Asp Glu Pro Thr Thr 

Glu Pro Thr Thr Val Ala lie Ala Val Ala lie Ala 

465 470 465 470 

475 480 475 480 

Ala lie Pro Gin Ser Ser Lys Ser Ala He Pro Gin Ser Ser Lys Ser Gly Trp Ala Asn 

Gly Trp Ala Asn Pro Glu Arg Ala Pro Glu Arg Ala 

485 485 490 

490 495 495 

Val Arg Val Asn Ala Glu Asp Val Arg Val Asn Ala Glu Asp Phe Val Gin Gin 

Phe Val Gin Gin Thr Asp Gly Thr Asp Gly Lys Tyr 

Lys Tyr 500 505 

500 510 

505 51 0 Lys Ala Gly Leu Thr He Thr Gly Glu Asp Ala Pro 

Lys Ala Gly Leu Thr lie Thr Gly Ser Leu Glu Ala 

Glu Asp Ala Pro Ser Leu Glu 515 520 

Ala 525 
515 

520 525 

lie Ala Met His Ala Glu Asn Tyr lie Ala Met His Ala Glu Asn Tyr Thr lie Asn Asn 

Thr lie Asn Asn He He Leu Phe He He Leu Phe 

530 535 530 535 

540 540 

Val Gly Thr Glu Gly Ala Asp Val Val Gly Thr Glu Gly Ala Asp Val He Tyr Leu Asp 

He Tyr Leu Asp Thr lie Lys Val Thr He Lys Val 

545 550 545 550 
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555 560 555 560 

lie Gly Pro Glu Val Glu lie Pro He Gly Pro Glu Val Glu He Pro Val Val His Asp 

Val Val His Asp Pro Lys Gly Glu Pro Lys Gly Glu 

565 565 570 

570 575 575 

Ala Val Leu Pro SerVal Phe Glu Ala Val Leu Pro Ser Val Phe Glu Asp Gly Thr 

Asp Gly Thr Arg Gin Gly Trp Arg Gin Gly TrpAsp 

Asp 580 585 

580 590 
585 590 

Trp Ala Gly Glu Ser Gly Val Lys Trp Ala Gly Glu Ser Gly Val Lys Thr Ala Leu Thr 

Thr Ala Leu Thr He Glu Glu Ala He Glu Glu Ala 

595 595 600 

600 605 605 

Asn Gly Ser Asn Ala Leu Ser Asn Gly Ser Asn Ala Leu Ser Trp Glu Phe Gly 

Trp Glu Phe Gly Tyr Pro Glu Val Tyr Pro Glu Val Lys 

Lys 610 615 

610 615 620 

620 

Pro Ser Asp Asn Trp Ala Thr Ala Pro Ser Asp Asn Trp Ala Thr Ala Pro Arg Leu 

Pro Arg Leu Asp Phe Trp Lys Asp Phe Trp Lys Ser 

Ser 625 630 

625 630 635 640 

635 640 Asp Leu Val Arg Gly Glu Asn Asp Tyr Val Thr 

Asp Leu Val Arg Gly Glu Asn Phe Asp Phe Tyr Leu 

Asp Tyr Val Thr Phe Asp Phe 645 650 

Tyr Leu 655 
645 

650 655 

Asp Pro Val Arg Ala Thr Glu Gly Asp Pro Val Arg Ala Thr Glu Gly Ala Met Asn He 

Ala Met Asn He Asn Leu Val Asn Leu Val Phe 

Phe 660 665 
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660 670 

665 670 Gin Pro Pro Thr Asn Gly Tyr Trp Val Gin Ala Pro 

Gin Pro Pro Thr Asn Gly Tyr Trp Lys Thr Tyr Thr 

Val Gin Ala Pro Lys Thr Tyr Thr 675 680 

675 685 
680 685 

He Asn Phe Asp Glu Leu Glu He Asn Phe Asp Glu Leu Glu Glu Ala Asn Gin 

Glu Ala Asn Gin Val Asn Gly Val Asn Gly Leu Tyr 

Leu Tyr 690 695 

690 695 700 

700 His Tyr Glu Val Lys He Asn Val Arg Asp He Thr 

His Tyr Glu Val Lys He Asn Val Asn He Gin Asp 

Arg Asp He Thr Asn He Gin Asp 705 710 

705 710 715 720 

715 720 

Asp Thr Leu Leu Arg Asn Met Asp Thr Leu Leu Arg Asn Met Met He He Phe 

Met He lie Phe Ala Asp Val Glu Ala Asp Val Glu Ser 

Ser 725 730 

725 735 

730 735 Asp Phe Ala Gly Arg Val Phe Val Asp Asn Val 

Asp Phe Ala Gly Arg Val Phe Arg Phe Glu Gly Ala 

Val Asp Asn Val Arg Phe Glu 740 745 

Gly Ala 750 
740 

745 750 

Ala Thr Thr Glu Pro Val Glu Pro Ala Thr Thr Glu Pro Val Glu Pro Glu Pro Val Asp 

Glu Pro Val Asp Pro Gly Glu Pro Gly Glu Glu 

Glu 755 760 

755 765 

760 765 Thr Pro Pro Val Asp Glu Lys Glu Ala Lys Lys Glu 

Thr Pro Pro Val Asp Glu Lys Gin Lys Glu Ala 

Glu Ala Lys Lys Glu Gin Lys Glu 770 775 

Ala 780 
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770 775 

780 

Glu Lys Glu Glu Lys Glu Ala Val Glu Lys Glu Glu Lys Glu Ala Val Lys Glu Glu Lys 

Lys Glu Glu Lys Lys Glu Ala Lys Lys Glu Ala Lys 

785 790 785 790 

795 800 795 800 

Glu Glu Lys Lys Ala He Lys Asn Glu Glu Lys Lys Ala lie Lys Asn Glu Ala Thr Lys 

Glu Ala Thr Lys Lys Lys 

805 805 810 

810 

[0 0 3 4] [0034] 

<210>3 <210>3 

<211>3299 <211>3299 

<212> DNA <212> DNA 

<21 3> Bacillus sp. <21 3> Bacillus sp. 

<400> 3 <400> 3 

attaaaacga ggtctgagtt tttttaatca Attaaaacga ggtctgagtt tttttaatca gacgatagca 

gacgatagca tgaaacgcaa tgaaacgcaa ctgaatacaa 60 

ctgaatacaa 60 Aaagtatgag gaatttgaac tacagaagat ctctttttat 

aaagtatgag gaatttgaac aattattaat acccggaacg 120 

tacagaagat ctctttttat aattattaat 

acccggaacg 120 

aaaatactat ttcgaaagcg Aaaatactat ttcgaaagcg gtttacacaa aaaaccttat 

gtttacacaa aaaaccttat gttatggcgt ttttagataa 180 

gttatggcgt ttttagataa 180 Ttggaagaaa aaaacaactc tagtaatcta aattgaacat 

ttggaagaaa aaaacaactc gctataatga gtttgttagc 240 

tagtaatcta aattgaacat Agcaatatcg gtgttattta cttactaata atgtaagcgt 

gctataatga gtttgttagc 240 ttaacctaag agtagacgct 300 

agcaatatcg gtgttattta cttactaata Tatatccgaa ggaggtagat tgagtcaagt aggaataatg 

atgtaagcgt ttaacctaag atgatgcagt gtacgagctt 360 

agtagacgct 300 

tatatccgaa ggaggtagat 
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tgagtcaagt aggaataatg 
atgatgcagt gtacgagctt 360 

taaagaatca ggagagcact Taaagaatca ggagagcact tcgggttact cccgtatttt 

tcgggttact cccgtatttt tttggaatgt tttggaatgt tttcgaaagc 420 

tttcgaaagc 420 Actttcggta ttttagttat ttgactcaat taagancgat 

actttcggta ttttagttat ttgactcaat aattaggagg taat atg 477 

taagancgat aattaggagg taat atg Met 

477 Atg tta aga aag aaa aca aag cag ttg att tct tec 

act ctt att tta 525 

Met 

atg tta aga aag aaa aca aag 
cag ttg att tct tec act ctt att tta 
525 

Met Leu Arg Lys Lys Thr Lys Met Leu Arg Lys Lys Thr Lys Gin Leu lie Ser Ser 

Gin Leu lie Ser Ser Thr Leu He Thr Leu lie Leu 

Leu 5 10 15 

5 Gtt tta ctt eta tct tta ttt cca aca get ctt gca gca 

10 15 gaaggaaat 573 

gtt tta ctt eta tct tta ttt cca aca Val Leu Leu Leu Ser Leu Phe Pro Thr Ala Leu 

get ctt gca gca gaa gga aat Ala Ala Glu Gly Asn 

573 

Val Leu Leu Leu Ser Leu Phe 
Pro Thr Ala Leu Ala Ala Glu Gly 
Asn 

20 20 25 

25 30 30 

acg cgc gaa gac aat ttt gat cat Acg cgc gaa gac aat ttt gat cat tta tta ggt aat 

tta tta ggt aat gaa aat gtt aaa gaa aat gtt aaa 621 

621 Thr Arg Glu Asp Asn Phe Asp His Leu Leu Gly 

Thr Arg Glu Asp Asn Phe Asp Asn Glu Asn Val Lys 

His Leu Leu Gly Asn Glu Asn 35 40 

Val Lys 45 
35 40 
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45 



cgc cct tea gag gec ggt gcg tta Cgc cct tea gag gec ggt gcg tta caa eta aaa gaa 

caa eta aaa gaa gtt gat gga caa gtt gat gga caa 669 

669 Arg Pro Ser Glu Ala Gly Ala Leu Gin Leu Lys 

Arg Pro Ser Glu Ala Gly Ala Leu Glu Val Asp Gly Gin 

Gin Leu Lys Glu Val Asp Gly 50 55 

Gin 60 65 

50 55 Atg aca ttg gta gat caa cat gga gaa aag att caa 

60 65 tta cgc ggg atg 717 

atg aca ttg gta gat caa cat gga 
gaa aag att caa tta cgc ggg atg 
717 

Met Thr Leu Val Asp Gin His Met Thr Leu Val Asp Gin His Gly Glu Lys He Gin 

Gly Glu Lys lie Gin Leu Arg Gly Leu Arg Gly Met 

Met 70 75 

70 80 

75 80 Agt act cat gga tta caa tgg ttt cct gag ate tta aat 

agt act cat gga tta caa tgg ttt cct gat aac gca 765 

gag ate tta aat gat aac gca Ser Thr His Gly Leu Gin Trp Phe Pro Glu He Leu 

765 Asn Asp Asn Ala 
Ser Thr His Gly Leu Gin Trp 
Phe Pro Glu lie Leu Asn Asp 
Asn Ala 

85 85 90 

90 95 95 

tac aaa get ctt tct aac gat tgg Tac aaa get ctt tct aac gat tgg gat tec aat atg att 

gat tec aat atg att cgt ctt get egtcttget 813 

813 Tyr Lys Ala Leu Ser Asn Asp Trp Asp Ser Asn 

Tyr Lys Ala Leu Ser Asn Asp Met lie Arg Leu Ala 

Trp Asp Ser Asn Met lie Arg 100 105 

Leu Ala 110 
100 

105 110 
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atg tat gta ggt gaa aat ggg tac Atg tat gta ggt gaa aat ggg tac get acc aat cct 

get acc aat cct gag tta ate aaa gag tta ate aaa 861 

861 Met Tyr Val Gly Glu Asn Gly Tyr Ala Thr Asn Pro 

Met Tyr Val Gly Glu Asn Gly Tyr Glu Leu lie Lys 

Ala Thr Asn Pro Glu Leu lie Lys 115 120 

115 120 125 

125 Caa aga gtg att gat gga att gag tta gcg att gaa 

caa aga gtg att gat gga att gag aat gac atg tat 909 
tta gcg att gaa aat gac atg tat 
909 

Gin Arg Val lie Asp Gly lie Glu Gin Arg Val lie Asp Gly He Glu Leu Ala lie Glu 

Leu Ala lie Glu Asn Asp Met Tyr Asn Asp Met Tyr 

130 135 130 135 

140 145 140 145 

gtt att gtt gac tgg cat gtt cat gcg Gtt att gtt gac tgg cat gtt cat gcg cca ggt gat cct 

cca ggt gat cct agg gat cct agg gat cct 957 

957 Val He Val Asp Trp His Val His Ala Pro Gly Asp 

Val He Val Asp Trp His Val His Pro Arg Asp Pro 
Ala Pro Gly Asp Pro Arg Asp 
Pro 

150 150 155 

155 160 160 

gtt tat gca ggt get gaa gat ttc ttt Gtt tat gca ggt get gaa gat ttc ttt aga gat att gca 

aga gat att gca gca ttg tat gcattgtat 1005 

1 005 Val Tyr Ala Gly Ala Glu Asp Phe Phe Arg Asp He 

Val Tyr Ala Gly Ala Glu Asp Phe Ala Ala Leu Tyr 

Phe Arg Asp He Ala Ala Leu Tyr 1 65 1 70 

165 175 
170 175 

cct aat aat cga cac att att tat Cct aat aat cga cac att att tat gag tta gcg aat 

gag tta gcg aat gag ccg agt agt gagecgagtagt 1053 

1053 Pro Asn Asn Arg His He lie Tyr Glu Leu Ala Asn 
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Pro Asn Asn Arg His He He Tyr Glu Pro Ser Ser 

Glu Leu Ala Asn Glu Pro Ser 180 185 

Ser 190 

180 Aat aat aat ggt gga gca ggg att ccg aat aac gaa 

185 190 gaaggttggaaa 1101 

aat aat aat ggt gga gca ggg att 
ccg aat aac gaa gaa ggt tgg 
aaa 1101 

Asn Asn Asn Gly Gly Ala Gly lie Asn Asn Asn Gly Gly Ala Gly lie Pro Asn Asn 

Pro Asn Asn Glu Glu Gly Trp Glu Glu Gly Trp Lys 

Lys 195 200 

195 200 205 

205 Gcg gta aaa gaa tat get gat cca att gta gaa atg 

gcg gta aaa gaa tat get gat cca tta cgc gat agt 1149 

att gta gaa atg tta cgc gat agt Ala Val Lys Glu Tyr Ala Asp Pro He Val Glu Met 

1 1 49 Leu Arg Asp Ser 
Ala Val Lys Glu Tyr Ala Asp Pro 
He Val Glu Met Leu Arg Asp Ser 

210 215 210 215 

220 225 220 225 

ggg aac gca gat gac aac ate ate Ggg aac gca gat gac aac ate ate att gtg ggt agt 

att gtg ggt agt cca aac tgg agt cca aac tgg agt 1197 

1197 Gly Asn Ala Asp Asp Asn He He He Val Gly Ser 

Gly Asn Ala Asp Asp Asn He He Pro Asn Trp Ser 

lie Val Gly Ser Pro Asn Trp Ser 230 235 

230 240 
235 240 

cag cgt ccg gac tta gca get gat Cag cgt ccg gac tta gca get gat aat cca att aat 

aat cca att aat gat cac cat acg gat cac cat acg 1245 

1245 Gin Arg Pro Asp Leu Ala Ala Asp Asn Pro lie 

Gin Arg Pro Asp Leu Ala Ala Asn Asp His His Thr 

Asp Asn Pro Me Asn Asp His 245 250 

His Thr 255 
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245 

250 255 
atg tat act gtt cac ttc tac tct ggt 
tea cat get get tea act gag 
1293 



Atg tat act gtt cac ttc tac tct ggt tea cat get get 
tea act gag 1293 



Met Tyr Thr Val His Phe Tyr Ser Met Tyr Thr Val His Phe Tyr Ser Gly Ser His Ala 

Gly Ser His Ala Ala Ser Thr Glu Ala Ser Thr Glu 

260 260 265 

265 270 270 

age tat ccg cct gaa act cct aac Age tat ccg cct gaa act cct aac tct gaa aga gga 

tct gaa aga gga aac gta atg agt aac gta atg agt 1341 

1341 Ser Tyr Pro Pro Glu Thr Pro Asn Ser Glu Arg 

Ser Tyr Pro Pro Glu Thr Pro Gly Asn Val Met Ser 

Asn Ser Glu Arg Gly Asn Val 

Met Ser 



275 



280 



285 



275 
285 



280 



aac act cgt tat gcg tta gaa aac Aac act cgt tat gcg tta gaa aac gga gta gcg gta 

gga gta gcg gta ttt gcg aca gag ttt gcg aca gag 1389 

1 389 Asn Thr Arg Tyr Ala Leu Glu Asn Gly Val Ala Val 

Asn Thr Arg Tyr Ala Leu Glu Phe Ala Thr Glu 

Asn Gly Val Ala Val Phe Ala Thr 290 295 

Glu 300 305 
290 295 
300 305 



tgg gga aca agt caa gca aat 
gga gat ggt ggt cct tat ttt gat 
gaa 1437 

Trp Gly Thr Ser Gin Ala Asn Gly 
Asp Gly Gly Pro Tyr Phe Asp 
Glu 

310 

315 320 



Tgg gga aca agt caa gca aat gga gat ggt ggt cct 
tat ttt gat gaa 1437 

Trp Gly Thr Ser Gin Ala Asn Gly Asp Gly Gly 
Pro Tyr Phe Asp Glu 

310 315 
320 

Gcg gat gta tgg att gag ttt tta aat gaa aac aac att 
agt tgg get 1485 
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gcg gat gta tgg att gag ttt tta aat 
gaa aac aac att agt tgg get 
1485 



Ala Asp Val Trp lie Glu Phe Leu 
Asn Glu Asn Asn lie Ser Trp Ala 
325 

330 335 
aac tgg tct tta acg aat aaa aat 
gaa gtg tct ggt gca ttt aca cca 
1533 

Asn Trp Ser Leu Thr Asn Lys 
Asn Glu Val Ser Gly Ala Phe 
Thr Pro 



Ala Asp Val Trp lie Glu Phe Leu Asn Glu Asn 
Asn He Ser Trp Ala 

325 330 
335 

Aac tgg tct tta acg aat aaa aat gaa gtg tct ggt 
gca ttt aca cca 1 533 
Asn Trp Ser Leu Thr Asn Lys Asn Glu Val Ser 
Gly Ala Phe Thr Pro 



340 

345 350 
ttt gaa tta gga aaa tea aat gca 
aca agt ctt gac cca ggt cca gac 
1581 

Phe Glu Leu Gly Lys Ser Asn 
Ala Thr Ser Leu Asp Pro Gly 
Pro Asp 

355 360 

365 



340 
350 



345 



Ttt gaa tta gga aaa tea aat gca aca agt ctt gac 
cca ggt cca gac 1581 
Phe Glu Leu Gly Lys Ser Asn Ala Thr Ser Leu 
Asp Pro Gly Pro Asp 

355 360 
365 



cag gta tgg gca cca gaa gag tta 
agt ctt tct gga gaa tat gta cgt 
1629 

Gin Val Trp Ala Pro Glu Glu Leu 
Ser Leu Ser Gly Glu Tyr Val Arg 
370 375 
380 385 
get cgt att aaa ggt gcg aaa tat 
gag ccg att gac cgt act aga tat 
1677 



Cag gta tgg gca cca gaa gag tta agt ctt tct gga 
gaa tat gta cgt 1629 
Gin Val Trp Ala Pro Glu Glu Leu Ser Leu Ser 
Gly Glu Tyr Val Arg 

370 375 
380 385 
Get cgt att aaa ggt gcg aaa tat gag ccg att gac 
cgt act aga tat 1677 
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Ala Arg Me Lys Gly Ala Lys Tyr Ala Arg lie Lys Gly Ala Lys Tyr Glu Pro lie Asp 

Glu Pro He Asp Arg Thr Arg Tyr Arg Thr Arg Tyr 

390 390 395 

395 400 400 

aca aaa gtt eta tgg gat ttt aat Aca aaa gtt eta tgg gat ttt aat gat gga ace aag 

gat gga ace aag caa ggg ttt gga caa ggg ttt gga 1 725 

1725 Thr Lys Val Leu Trp Asp Phe Asn Asp Gly Thr 

Thr Lys Val Leu Trp Asp Phe Lys Gin Gly Phe Gly 

Asn Asp Gly Thr Lys Gin Gly 

Phe Gly 

405 405 410 

410 415 415 

gtg aac tea gat tct ccg aat aaa Gtg aac tea gat tct ccg aat aaa gag get att gag 

gag get att gag gtt gag aat gaa gtt gag aat gaa 1773 

1 773 Val Asn Ser Asp Ser Pro Asn Lys Glu Ala lie Glu 

Val Asn Ser Asp Ser Pro Asn Val Glu Asn Glu 

Lys Glu Ala lie Glu Val Glu Asn 420 425 

Glu 430 
420 

425 430 

aat ggc act ttg aga ate tea ggt Aat ggc act ttg aga ate tea ggt tta aat gta agt aat 

tta aat gta agt aat gat ctt tct gatctttct 1821 

1 821 Asn Gly Thr Leu Arg lie Ser Gly Leu Asn Val Ser 

Asn Gly Thr Leu Arg lie Ser Gly Asn Asp Leu Ser 

Leu Asn Val Ser Asn Asp Leu 435 440 

Ser 445 

435 440 Gat ggc aac ttc tgg get aat gtt cgt ctt tct gec aat 

445 ggt tgg ggg 1869 
gat ggc aac ttc tgg get aat gtt 
cgt ctt tct gec aat ggt tgg ggg 
1869 

Asp Gly Asn Phe Trp Ala Asn Asp Gly Asn Phe Trp Ala Asn Val Arg Leu Ser 
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Val Arg Leu Ser Ala Asn Gly Trp Ala Asn Gly Trp Gly 



Gly 

450 455 
460 465 
aag agt gtc gat att tta agt get 
gaa aaa eta act atg gat ggt att 
1917 

Lys Ser Val Asp lie Leu Ser Ala 
Glu Lys Leu Thr Met Asp Gly lie 



450 455 

460 465 

Aag agt gtc gat att tta agt get gaa aaa eta act 

atg gat ggt att 1917 

Lys Ser Val Asp He Leu Ser Ala Glu Lys Leu Thr 

Met Asp Gly He 



470 

475 480 
gtg gat gaa cca acg aca gta gcg 
att get gca att cca caa age aca 
1965 

Val Asp Glu Pro Thr Thr Val Ala 
lie Ala Ala He Pro Gin Ser Thr 
485 

490 495 



470 
480 



475 



Gtg gat gaa cca acg aca gta gcg att get gca att 
cca caa age aca 1 965 
Val Asp Glu Pro Thr Thr Val Ala He Ala Ala He 
Pro Gin Ser Thr 

485 490 
495 



aag cat ggt tgg gca aat cca gaa 
cgt teg gta aaa gtg aca gaa get 
2013 

Lys His Gly Trp Ala Asn Pro Glu 
Arg Ser Val Lys Val Thr Glu Ala 
500 

505 510 
gac ttt gtt aag caa gat gac ggg 
aaa tat aaa gec ctt tta acg att 
2061 



Aag cat ggt tgg gca aat cca gaa cgt teg gta aaa 
gtg aca gaa get 2013 
Lys His Gly Trp Ala Asn Pro Glu Arg Ser Val Lys 
Val Thr Glu Ala 

500 505 
510 

Gac ttt gtt aag caa gat gac ggg aaa tat aaa gee 
ctt tta acg att 2061 



Asp Phe Val Lys Gin Asp Asp Asp Phe Val Lys Gin Asp Asp Gly Lys Tyr Lys 

Gly Lys Tyr Lys Ala Leu Leu Thr Ala Leu Leu Thr lie 

lie 515 520 

515 520 525 

525 Aca ggg gat gat get ccg aat eta aag aac att ggt 
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aca ggg gat gat get ccg aat eta ttt gat gat gaa 21 09 

aag aac att ggt ttt gat gat gaa Thr Gly Asp Asp Ala Pro Asn Leu Lys Asn He 

21 09 Gly Phe Asp Asp Glu 

Thr Gly Asp Asp Ala Pro Asn 

Leu Lys Asn lie Gly Phe Asp 

Asp Glu 

530 535 530 535 

540 545 540 545 

aat aac aac atg aac aac att att Aat aac aac atg aac aac att att ctt ttc gta ggt act 

ctt ttc gta ggt act gaa gca get gaagcagct 2157 

2157 Asn Asn Asn Met Asn Asn lie lie Leu Phe Val 

Asn Asn Asn Met Asn Asn lie He Gly Thr Glu Ala Ala 

Leu Phe Val Gly Thr Glu Ala Ala 550 555 

550 560 
555 560 

gac gtg att tat ctg gat aac att Gac gtg att tat ctg gat aac att aaa gta act ggt 

aaa gta act ggt aaa att gtt gaa aaa att gtt gaa 2205 

2205 Asp Val He Tyr Leu Asp Asn He Lys Val Thr Gly 

Asp Val lie Tyr Leu Asp Asn He Lys He Val Glu 

Lys Val Thr Gly Lys He Val Glu 565 570 

565 575 

570 575 Att cca gta gtt cac tct cca aaa ggc gat get get ctt 

att cca gta gtt cac tct cca aaa cct tct aat 2253 
ggc gat get get ctt cct tct aat 
2253 

He Pro Val Val His Ser Pro Lys He Pro Val Val His Ser Pro Lys Gly Asp Ala Ala 

Gly Asp Ala Ala Leu Pro Ser Leu Pro Ser Asn 

Asn 580 585 

580 590 

585 590 Ttt gaa gac ggt aca cgt caa ggt tgg gac tgg get 

ttt gaa gac ggt aca cgt caa ggt gga gag tct gga 2301 

tgg gac tgg get gga gag tct gga Phe Glu Asp Gly Thr Arg Gin Gly Trp Asp Trp 

2301 Ala Gly Glu Ser Gly 
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Phe Glu Asp Gly Thr Arg Gin 
Gly Trp Asp Trp Ala Gly Glu Ser 
Gly 



595 600 595 600 

605 605 

gtc aaa acg gcc tta aca att gaa Gtc aaa acg gcc tta aca att gaa gaa gca aac 

gaa gca aac ggg teg caa get tta ggg teg caa get tta 2349 

2349 Val Lys Thr Ala Leu Thr He Glu Glu Ala Asn Gly 

Val Lys Thr Ala Leu Thr lie Glu Ser Gin Ala Leu 

Glu Ala Asn Gly Ser Gin Ala 610 615 

Leu 620 625 
610 615 
620 625 

tea tgg gaa ttt ggg tat cca gaa Tea tgg gaa ttt ggg tat cea gaa gta aaa cct agt 

gta aaa cct agt gat aac tgg get gat aac tgg get 2397 

2397 Ser Trp Glu Phe Gly Tyr Pro Glu Val Lys Pro Ser 

Ser Trp Glu Phe Gly Tyr Pro Asp Asn Trp Ala 

Glu Val Lys Pro Ser Asp Asn 630 635 

Trp Ala 640 

630 Tct get cca cgt tta gat ttc cac aaa gat aac eta gtt 

635 640 cgtggtgaa 2445 

tct get cca cgt tta gat ttc cac aaa 
gat aac eta gtt cgt ggt gaa 
2445 

Ser Ala Pro Arg Leu Asp Phe Ser Ala Pro Arg Leu Asp Phe His Lys Asp Asn 

His Lys Asp Asn Leu Val Arg Leu Val Arg Gly Glu 

Gly Glu 645 650 

645 655 

650 655 Aat gat tat gta gcg ttt gac ttc tac att gat cca get 

aat gat tat gta gcg ttt gac ttc tac cgt gca act 2493 

att gat cca get cgt gca act Asn Asp Tyr Val Ala Phe Asp Phe Tyr He Asp 

2493 Pro Ala Arg Ala Thr 
Asn Asp Tyr Val Ala Phe Asp 
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Phe Tyr lie Asp Pro Ala Arg Ala 
Thr 

660 660 665 

665 670 670 

gag gga gcg atg aat att aac tta Gag gga gcg atg aat att aac tta gta ttc cag cca 

gta ttc cag cca cct get aat gga cct get aat gga 2541 

2541 Glu Gly Ala Met Asn He Asn Leu Val Phe Gin 

Glu Gly Ala Met Asn He Asn Leu Pro Pro Ala Asn Gly 

Val Phe Gin Pro Pro Ala Asn 675 680 

Gly 685 
675 680 

685 

tac tgg gtc caa gcg cca aaa aca Tac tgg gtc caa gcg cca aaa aca ttt aca att aac 

ttt aca att aac ttt gaa gag ctt ttt gaa gag ctt 2589 

2589 Tyr Trp Val Gin Ala Pro Lys Thr Phe Thr lie Asn 

Tyr Trp Val Gin Ala Pro Lys Thr Phe Glu Glu Leu 

Phe Thr He Asn Phe Glu Glu 690 695 

Leu 700 705 

690 695 Gaa gaa gca aat caa gta aat ggg tta tac cat tat 

700 705 gaa gtg aaa att 2637 

gaa gaa gca aat caa gta aat 

ggg tta tac cat tat gaa gtg aaa 

att 2637 

Glu Glu Ala Asn Gin Val Asn Glu Glu Ala Asn Gin Val Asn Gly Leu Tyr His Tyr 

Gly Leu Tyr His Tyr Glu Val Lys Glu Val Lys He 

He 710 715 

710 720 

71 5 720 Aac gta aga gac att gec aac att caa gat gat acg 

aac gta aga gac att gec aac att gtc eta cgt aat 2685 

caa gat gat acg gtc eta cgt aat Asn Val Arg Asp He Ala Asn He Gin Asp Asp Thr 

2685 Val Leu Arg Asn 

Asn Val Arg Asp He Ala Asn He 

Gin Asp Asp Thr Val Leu Arg 
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Asn 



725 725 730 

730 735 735 

atg ata etc att ttt gca gat gta caa Atg ata etc att ttt gca gat gta caa agt gat ttt gcg 

agt gat ttt gcg gga aga gta gga aga gta 2733 

2733 Met He Leu He Phe Ala Asp Val Gin Ser Asp Phe 

Met He Leu He Phe Ala Asp Val Ala Gly Arg Val 

Gin Ser Asp Phe Ala Gly Arg 740 745 

Val 750 
740 

745 750 

ttt gtg gat aac gtt cgt ttt gag get Ttt gtg gat aac gtt cgt ttt gag get tea get aca gag 

tea get aca gag ccg gtt gag ccggttgag 2781 

2781 Phe Val Asp Asn Val Arg Phe Glu Ala Ser Ala 

Phe Val Asp Asn Val Arg Phe Thr Glu Pro Val Glu 

Glu Ala Ser Ala Thr Glu Pro Val 755 760 

Glu 765 

755 760 Cca gtt gag cca gtt gac cca gca ccg gtt gag cct 

765 gag ccg gta gat 2829 
cca gtt gag cca gtt gac cca gca 
ccg gtt gag cct gag ccg gta gat 
2829 

Pro Val Glu Pro Val Asp Pro Ala Pro Val Glu Pro Val Asp Pro Ala Pro Val Glu Pro 

Pro Val Glu Pro Glu Pro Val Asp Glu Pro Val Asp 

770 775 770 775 

780 785 780 785 

cct ggt gaa gaa act cct cct gta Cct ggt gaa gaa act cct cct gta gat gag aag gaa 

gat gag aag gaa gcg gcg aaa gcg gcg aaa gaa 2877 

gaa 2877 Pro Gly Glu Glu Thr Pro Pro Val Asp Glu Lys 

Pro Gly Glu Glu Thr Pro Pro Val Glu Ala Ala Lys Glu 

Asp Glu Lys Glu Ala Ala Lys Glu 

790 790 795 
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795 800 800 

gaa aga gaa get gca aaa get Gaa aga gaa get gca aaa get gaa aga gaa gca 

gaa aga gaa gca get aga gaa get aga gaa gca gec 2925 

gca gec 2925 Glu Arg Glu Ala Ala Lys Ala Glu Arg Glu Ala Ala 

Glu Arg Glu Ala Ala Lys Ala Glu Arg Glu Ala Ala 

Arg Glu Ala Ala Arg Glu Ala Ala 805 81 0 

805 815 
810 815 

aaa gag gaa aga gaa gaa gca Aaa gag gaa aga gaa gaa gca aga gag get gca 

aga gag get gca aaa gaa gaa aaa gaa gaa aga gaa 2973 

aga gaa 2973 Lys Glu Glu Arg Glu Glu Ala Arg Glu Ala Ala Lys 

Lys Glu Glu Arg Glu Glu Ala Arg Glu Glu Arg Glu 

Glu Ala Ala Lys Glu Glu Arg Glu 820 825 

820 830 

825 830 Gca gca aag get gaa aga gaa gcg get aga gaa 

gca gca aag get gaa aga gaa gca get aaa get gaa 3021 
gcg get aga gaa gca get aaa get 
gaa 3021 

Ala Ala Lys Ala Glu Arg Glu Ala Ala Ala Lys Ala Glu Arg Glu Ala Ala Arg Glu Ala 

Ala Arg Glu Ala Ala Lys Ala Glu Ala Lys Ala Glu 

835 840 835 840 

845 845 

aga gaa gca aag aaa gaa gca Aga gaa gca aag aaa gaa gca aag aaa aaa taa 

aag aaa aaa taa gagaatcttg gagaatcttg taagaactca 3074 

taagaactca 3074 Arg Glu Ala Lys Lys Glu Ala Lys Lys Lys Stop 

Arg Glu Ala Lys Lys Glu Ala Lys 

Lys Lys Stop 

850 855 850 855 

860 860 

ttggcttagg ctaatgagtt cttacttttt Ttggcttagg ctaatgagtt cttacttttt aatcgagaca 

aatcgagaca aatgaataat aatgaataat tatagcgtga 3134 

tatagcgtga 3134 Actataaaga aataagatat atttacgata atagtaatgt 

actataaaga aataagatat atactaagtt tctgattgga 3194 



6/6/2006 



61/3 Copyright (C) 2006 The Thomson Corporation. 



atttacgata atagtaatgt atactaagtt Actctacgac gaagatgtta gtagtttaag aggaggacgt 
tctgattgga 3194 gtaatgacaa ctgagatact 3254 

actctacgac gaagatgtta 
gtagtttaag aggaggacgt 
gtaatgacaa ctgagatact 3254 



taatagaaga aagacagatc Taatagaaga aagacagatc aagaaatact gcaagctttg 

aagaaatact gcaagctttg gtaga gtaga 3299 

3299 



[0 0 3 5] 
<210>4 
<211>2783 
<212> DNA 



[0035] 

<210>4 
<211>2783 
<212> DNA 



<21 3> Bacillus sp. <21 3> Bacillus sp. 

<400> 4 <400> 4 

ctcactatag ggagaagctt Ctcactatag ggagaagctt gttatcacca gatgtagctt 

gttatcacca gatgtagctt taacttcgaa taacttcgaa gaatccatca 60 

gaatccatca 60 Cctaattcaa ggatagaaac gtcaaacgta ccaccgccaa 

cctaattcaa ggatagaaac ggtcataaac aaggatagtt 120 

gtcaaacgta ccaccgccaa 

ggtcataaac aaggatagtt 120 



tggtcttctt ctttttcaag accgtaagct Tggtcttctt ctttttcaag accgtaagct aaagccgcag 

aaagccgcag ctgttggctc ctgttggctc gttaacaata 180 

gttaacaata 180 Cgctcaactt caagaccagc aattttacca gcatctttcg 

cgctcaactt caagaccagc tcgcttggcg ttgtgagtca 240 

aattttacca gcatctttcg tcgcttggcg Ttaaagtaag ctggaactgt aataactgct tttgttacct 

ttgtgagtca 240 tttcacctaa gt atg ctt 298 

ttaaagtaag ctggaactgt Met Leu 

aataactgct tttgttacct tttcacctaa 

gt atg ctt 298 



Met Leu 
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ctg cat cag ctt tta att ttt gaa gga Ctg cat cag ctt tta att ttt gaa gga tga teg cag aaa 

tga teg cag aaa gtt ctt gca gttcttgea 346 

346 Leu His Gin Leu Leu He Phe Glu Gly(Trp)Ser 

Leu His Gin Leu Leu He Phe Gin Lys Val Leu Ala 

Glu Gly(Trp)Ser Gin Lys Val 5 10 15 

Leu Ala Gca gaa gga aac act cgt gaa gac aat ttt aaa cat 

5 tta tta ggt aat 394 
10 15 
gca gaa gga aac act cgt gaa 
gac aat ttt aaa cat tta tta ggt aat 
394 

Ala Glu Gly Asn Thr Arg Glu Ala Glu Gly Asn Thr Arg Glu Asp Asn Phe Lys 

Asp Asn Phe Lys His Leu Leu His Leu Leu Gly Asn 

Gly Asn 20 25 

20 25 30 

30 Gac aat gtt aaa cgc cct tct gag get ggc gca tta 

gac aat gtt aaa cgc cct tct gag caa tta caa gaa 442 

get ggc gca tta caa tta caa gaa Asp Asn Val Lys Arg Pro Ser Glu Ala Gly Ala 

442 Leu Gin Leu Gin Glu 
Asp Asn Val Lys Arg Pro Ser 
Glu Ala Gly Ala Leu Gin Leu 
Gin Glu 

35 40 35 40 

45 50 45 50 

gtc gat gga caa atg aca tta gta Gtc gat gga caa atg aca tta gta gat caa cat gga 

gat caa cat gga gaa aaa att caa gaa aaa att caa 490 

490 Val Asp Gly Gin Met Thr Leu Val Asp Gin His 

Val Asp Gly Gin Met Thr Leu Gly Glu Lys He Gin 

Val Asp Gin His Gly Glu Lys He 55 60 

Gin 65 
55 

60 65 

tta cgt gga atg agt aca cac gga Tta cgt gga atg agt aca cac gga tta cag tgg ttt 
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tta cag tgg ttt cct gag ate ttg cct gag ate ttg 538 

538 Leu Arg Gly Met Ser Thr His Gly Leu Gin Trp 

Leu Arg Gly Met Ser Thr His Phe Pro Glu lie Leu 

Gly Leu Gin Trp Phe Pro Glu lie 70 75 

Leu 80 

70 Aat gat aac gca tac aaa get ctt tct aac gat tgg 

75 80 gat tec aat atg 586 

aat gat aac gca tac aaa get ctt 
tct aac gat tgg gat tec aat atg 
586 

Asn Asp Asn Ala Tyr Lys Ala Asn Asp Asn Ala Tyr Lys Ala Leu Ser Asn Asp 

Leu Ser Asn Asp Trp Asp Ser Trp Asp Ser Asn Met 

Asn Met 85 90 

85 95 

90 95 Att cgt ctt get atg tat gta ggt gaa aat ggg cac get 

att cgt ctt get atg tat gta ggt gaa acaaaccct 634 

aat ggg cac get aca aac cct He Arg Leu Ala Met Tyr Val Gly Glu Asn Gly His 

634 Ala Thr Asn Pro 

lie Arg Leu Ala Met Tyr Val Gly 

Glu Asn Gly His Ala Thr Asn 

Pro 

100 105 100 105 

110 110 

gag tta ate aaa caa aga gtg att Gag tta ate aaa caa aga gtg att gat gga att gag 

gat gga att gag tta gcg att gaa tta gcg att gaa 682 

682 Glu Leu He Lys Gin Arg Val He Asp Gly He Glu 

Glu Leu He Lys Gin Arg Val He Leu Ala He Glu 

Asp Gly He Glu Leu Ala lie Glu 115 120 

115 120 125 130 

125 130 

aat gac atg tat gtt att gtt gac tgg Aat gac atg tat gtt att gtt gac tgg cat gtt cat gcg 

cat gtt cat gcg cca ggt gat ccaggtgat 730 

730 Asn Asp Met Tyr Val lie Val Asp Trp His Val His 
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Asn Asp Met Tyr Val lie Val Asp Ala Pro Gly Asp 

Trp His Val His Ala Pro Gly Asp 135 140 

135 145 

140 145 Cct aga gat cct gtt tat gca ggt get aaa gat ttc ttt 

cct aga gat cct gtt tat gca ggt aga gaa att 778 
get aaa gat ttc ttt aga gaa att 
778 

Pro Arg Asp Pro Val Tyr Ala Gly Pro Arg Asp Pro Val Tyr Ala Gly Ala Lys Asp 

Ala Lys Asp Phe Phe Arg Glu Phe Phe Arg Glu lie 

lie 150 155 

150 160 

1 55 1 60 Gca get tta tac cct aat aat cca cac att att tat gag 

gca get tta tac cct aat aat cca tta gcg aat 826 

cac att att tat gag tta gcg aat Ala Ala Leu Tyr Pro Asn Asn Pro His lie He Tyr 

826 Glu Leu Ala Asn 

Ala Ala Leu Tyr Pro Asn Asn 

Pro His lie He Tyr Glu Leu Ala 

Asn 

165 165 170 

170 175 175 

gag ccg agt agt aat aat aat ggt Gag ccg agt agt aat aat aat ggt gga gca ggg att 

gga gca ggg att ccg aat aac gaa ccg aat aac gaa 874 

874 Glu Pro Ser Ser Asn Asn Asn Gly Gly Ala Gly lie 

Glu Pro Ser Ser Asn Asn Asn Pro Asn Asn Glu 

Gly Gly Ala Gly He Pro Asn Asn 180 185 

Glu 190 
180 185 

190 

gaa ggt tgg aaa gcg gta aaa Gaa ggt tgg aaa gcg gta aaa gaa tat get gat cca 

gaa tat get gat cca att gta caa att gta caa atg 922 

atg 922 Glu Gly Trp Lys Ala Val Lys Glu Tyr Ala Asp Pro 

Glu Gly Trp Lys Ala Val Lys Glu He Val Gin Met 

Tyr Ala Asp Pro He Val Gin Met 1 95 200 
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195 200 205 210 

205 210 Tta cgt aaa age ggt aat gca gat gac aac att ate 

tta cgt aaa age ggt aat gca gat att gtt ggt agt 970 

gac aac att ate att gtt ggt agt 

970 

Leu Arg Lys Ser Gly Asn Ala Leu Arg Lys Ser Gly Asn Ala Asp Asp Asn lie He 

Asp Asp Asn He He He Val Gly He Val Gly Ser 

Ser 215 220 

215 225 

220 225 Cca aac tgg agt cag cgt cct gac tta gca get gat 

cca aac tgg agt cag cgt cct gac aat cca att gat 101 8 

tta gca get gat aat cca att gat Pro Asn Trp Ser Gin Arg Pro Asp Leu Ala Ala 

1 01 8 Asp Asn Pro He Asp 

Pro Asn Trp Ser Gin Arg Pro 

Asp Leu Ala Ala Asp Asn Pro He 

Asp 

230 230 235 

235 240 240 

gat cac cat aca atg tat act gtt Gat cac cat aca atg tat act gtt cac ttc tac act ggt 

cac ttc tac act ggt tea cat get tea cat get 1 066 

1 066 Asp His His Thr Met Tyr Thr Val His Phe Tyr Thr 

Asp His His Thr Met Tyr Thr Val Gly Ser His Ala 

His Phe Tyr Thr Gly Ser His Ala 245 250 

245 255 
250 255 

get tea act gaa age tat ccg cct Get tea act gaa age tat ccg cct gaa act cct aac 

gaa act cct aac tct gaa aga gga tct gaa aga gga 1114 

1114 Ala Ser Thr Glu Ser Tyr Pro Pro Glu Thr Pro 

Ala Ser Thr Glu Ser Tyr Pro Pro Asn Ser Glu Arg Gly 

Glu Thr Pro Asn Ser Glu Arg 260 265 

Gly 270 

260 265 Aac gta atg agt aac act cgt tat gcg tta gaa aac 

270 gga gta gca gta 1162 
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aac gta atg agt aac act cgt tat 
gcg tta gaa aac gga gta gca gta 
1162 

Asn Val Met Ser Asn Thr Arg Asn Val Met Ser Asn Thr Arg Tyr Ala Leu Glu 

Tyr Ala Leu Glu Asn Gly Val Ala Asn Gly Val Ala Val 

Val 275 280 

275 280 285 290 

285 290 Ttt gca aca gag tgg gga act age caa gca aat gga 

ttt gca aca gag tgg gga act age gat ggt ggt cct 1210 

caa gca aat gga gat ggt ggt cct Phe Ala Thr Glu Trp Gly Thr Ser Gin Ala Asn 

1210 Gly Asp Gly Gly Pro 

Phe Ala Thr Glu Trp Gly Thr Ser 

Gin Ala Asn Gly Asp Gly Gly 

Pro 

295 295 300 

300 305 305 

tac ttt gat gaa gca gat gta tgg Tac ttt gat gaa gca gat gta tgg att gag ttt tta aat 

att gag ttt tta aat gaa aac aac gaa aac aac 1258 

1258 Tyr Phe Asp Glu Ala Asp Val Trp lie Glu Phe 

Tyr Phe Asp Glu Ala Asp Val Leu Asn Glu Asn Asn 

Trp lie Glu Phe Leu Asn Glu 310 315 

Asn Asn 320 
310 

315 320 

att age tgg get aac tgg tct tta Att age tgg get aac tgg tct tta acg aat aaa aat 

acg aat aaa aat gaa gta tct ggt gaa gta tct ggt 1 306 

1 306 He Ser Trp Ala Asn Trp Ser Leu Thr Asn Lys Asn 

He Ser Trp Ala Asn Trp Ser Leu Glu Val Ser Gly 

Thr Asn Lys Asn Glu Val Ser 325 330 

Gly 335 

325 Gca ttt aca cca ttc gag tta ggt aag tct aac gca 

330 335 acaagtcttgac 1354 

gca ttt aca cca ttc gag tta ggt 
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aag tct aac gca aca agt ctt gac 
1354 



Ala Phe Thr Pro Phe Glu Leu Ala Phe Thr Pro Phe Glu Leu Gly Lys Ser Asn 

Gly Lys Ser Asn Ala Thr Ser Ala Thr Ser Leu Asp 

Leu Asp 340 345 

340 345 350 

350 Cca ggg cca gac caa gta tgg gta cca gaa gag tta 

cca ggg cca gac caa gta tgg gta agt ctt tct gga 1 402 

cca gaa gag tta agt ctt tct gga Pro Gly Pro Asp Gin Val Trp Val Pro Glu Glu 

1 402 Leu Ser Leu Ser Gly 
Pro Gly Pro Asp Gin Val Trp Val 
Pro Glu Glu Leu Ser Leu Ser 
Gly 

355 360 355 360 

365 370 365 370 

gaa tat gta cgt get cgt att aaa Gaa tat gta cgt get cgt att aaa ggt gtg aac tat 

ggt gtg aac tat gag cca ate gac gag cca ate gac 1450 

1450 Glu Tyr Val Arg Ala Arg He Lys Gly Val Asn Tyr 

Glu Tyr Val Arg Ala Arg He Lys Glu Pro lie Asp 

Gly Val Asn Tyr Glu Pro He Asp 375 380 

375 385 
380 385 



cgt aca aaa tac acg aaa gta ctt Cgt aca aaa tac acg aaa gta ctt tgg gac ttt aat 

tgg gac ttt aat gat gga acg aag gat gga acg aag 1498 

1498 Arg Thr Lys Tyr Thr Lys Val Leu Trp Asp Phe 

Arg Thr Lys Tyr Thr Lys Val Leu Asn Asp Gly Thr Lys 

Trp Asp Phe Asn Asp Gly Thr 390 395 

Lys 400 

390 Caa gga ttt gga gtg aat teg gat tct cca aat aaa 

395 400 gaa ctt att gca 1546 

caa gga ttt gga gtg aat teg gat 
tct cca aat aaa gaa ctt att gca 
1546 
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Gin Gly Phe Gly Val Asn Ser Gin Gly Phe Gly Val Asn Ser Asp Ser Pro Asn 

Asp Ser Pro Asn Lys Glu Leu Lys Glu Leu He Ala 

He Ala 405 410 

405 415 

410 415 Gtt gat aat gaa aac aac act ttg aaa gtt teg gga 

gtt gat aat gaa aac aac act ttg tta gat gta agt 1 594 

aaa gtt teg gga tta gat gta agt Val Asp Asn Glu Asn Asn Thr Leu Lys Val Ser 

1 594 Gly Leu Asp Val Ser 
Val Asp Asn Glu Asn Asn Thr 
Leu Lys Val Ser Gly Leu Asp 
Val Ser 

420 425 420 425 

430 430 

aac gat gtt tea gat ggc aac ttc Aac gat gtt tea gat ggc aac ttc tgg get aat get cgt 

tgg get aat get cgt ctt tct gee ctttctgcc 1642 

1642 Asn Asp Val Ser Asp Gly Asn Phe Trp Ala Asn 

Asn Asp Val Ser Asp Gly Asn Ala Arg Leu Ser Ala 

Phe Trp Ala Asn Ala Arg Leu 435 440 

Ser Ala 445 450 
435 440 
445 450 

aac ggt tgg gga aaa agt gtt gat Aac ggt tgg gga aaa agt gtt gat att tta ggt get 

att tta ggt get gag aag ctt aca gag aag ctt aca 1690 

1690 Asn Gly Trp Gly Lys Ser Val Asp He Leu Gly Ala 

Asn Gly Trp Gly Lys Ser Val Glu Lys Leu Thr 

Asp He Leu Gly Ala Glu Lys Leu 455 460 

Thr 465 

455 Atg gat gtt att gtt gat gaa cca acg acg gta get att 

460 465 geggegatt 1738 

atg gat gtt att gtt gat gaa cca 
acg acg gta get att gcg gcg att 
1738 
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Met Asp Val lie Val Asp Glu Pro Met Asp Val lie Val Asp Glu Pro Thr Thr Val Ala 

Thr Thr Val Ala lie Ala Ala He He Ala Ala He 

470 470 475 

475 480 480 

cca caa agt agt aaa agt gga tgg Cca caa agt agt aaa agt gga tgg gca aat cca 

gca aat cca gag cgt get gtt cga gag cgt get gtt cga 1786 

1786 Pro Gin Ser Ser Lys Ser Gly Trp Ala Asn Pro 

Pro Gin Ser Ser Lys Ser Gly Trp Glu Arg Ala Val Arg 

Ala Asn Pro Glu Arg Ala Val Arg 

485 485 490 

490 495 495 

gtg aac gcg gaa gat ttt gtc cag Gtg aac gcg gaa gat ttt gtc cag caa acg gac ggt 

caa acg gac ggt aag tat aaa get aag tat aaa get 1 834 

1834 Val Asn Ala Glu Asp Phe Val Gin Gin Thr Asp 

Val Asn Ala Glu Asp Phe Val Gly Lys Tyr Lys Ala 

Gin Gin Thr Asp Gly Lys Tyr Lys 500 505 

Ala 510 
500 505 

510 

gga tta aca att aca gga gaa gat Gga tta aca att aca gga gaa gat get cca teg tta 

get cca teg tta gaa get att gcg gaa get att gcg 1882 

1 882 Gly Leu Thr lie Thr Gly Glu Asp Ala Pro Ser Leu 

Gly Leu Thr He Thr Gly Glu Asp Glu Ala lie Ala 

Ala Pro Ser Leu Glu Ala He Ala 51 5 520 

515 520 525 530 

525 530 Atg cac get gaa aat tac act ate aac aac ate att 

atg cac get gaa aat tac act ate ctt ttt gta gga 1 930 

aac aac ate att ctt ttt gta gga 

1930 

Met His Ala Glu Asn Tyr Thr He Met His Ala Glu Asn Tyr Thr He Asn Asn He He 

Asn Asn He He Leu Phe Val Gly Leu Phe Val Gly 

535 535 540 

540 545 545 



6/6/2006 



70/3 Copyright (C) 2006 The Thomson Corporation. 



act gaa ggt get gat gtt ate tat tta Act gaa ggt get gat gtt ate tat tta gat ace att aaa 

gat ace att aaa gta att gga gta att gga 1 978 

1978 Thr Glu Gly Ala Asp Val lie Tyr Leu Asp Thr He 

Thr Glu Gly Ala Asp Val He Tyr Lys Val He Gly 
Leu Asp Thr He Lys Val lie Gly 

550 550 555 

555 560 560 

cca gaa gtt gaa att cca gtt gtt Cca gaa gtt gaa att cca gtt gtt cat gat cca aaa 

cat gat cca aaa gga gaa get gtt gga gaa get gtt 2026 

2026 Pro Glu Val Glu He Pro Val Val His Asp Pro Lys 

Pro Glu Val Glu He Pro Val Val Gly Glu Ala Val 

His Asp Pro Lys Gly Glu Ala Val 565 570 

565 575 
570 575 

ctt cct tct gtt ttt gaa gac ggt aca Ctt cct tct gtt ttt gaa gac ggt aca cgt caa ggt tgg 

cgt caa ggt tgg gac tgg get gac tgg get 2074 

2074 Leu Pro Ser Val Phe Glu Asp Gly Thr Arg Gin 

Leu Pro Ser Val Phe Glu Asp Gly Trp Asp Trp Ala 

Gly Thr Arg Gin Gly Trp Asp Trp 580 585 

Ala 590 

580 585 Gga gag tct ggt gtg aaa aca get tta aca att gaa 

590 gaagcaaacggt 2122 
gga gag tct ggt gtg aaa aca get 
tta aca att gaa gaa gca aac ggt 
2122 

Gly Glu Ser Gly Val Lys Thr Ala Gly Glu Ser Gly Val Lys Thr Ala Leu Thr lie Glu 

Leu Thr He Glu Glu Ala Asn Gly Glu Ala Asn Gly 

595 600 595 600 

605 610 605 610 

tct aac gcg tta tea tgg gaa ttt Tct aac gcg tta tea tgg gaa ttt gga tac cca gaa 

gga tac cca gaa gta aaa cct agt gta aaa cct agt 2170 

2170 Ser Asn Ala Leu Ser Trp Glu Phe Gly Tyr Pro 

Ser Asn Ala Leu Ser Trp Glu Glu Val Lys Pro Ser 
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Phe Gly Tyr Pro Glu Val Lys Pro 
Ser 

615 615 620 

620 625 625 

gat aac tgg gca aca get cca cgt Gat aac tgg gca aca get cca cgt tta gat ttc tgg 

tta gat ttc tgg aaa tct gac ttg aaatctgacttg 2218 

2218 Asp Asn Trp Ala Thr Ala Pro Arg Leu Asp Phe 

Asp Asn Trp Ala Thr Ala Pro Arg Trp Lys Ser Asp Leu 

Leu Asp Phe Trp Lys Ser Asp 630 635 

Leu 640 
630 

635 640 

gtt cgc ggt gaa aat gat tat gta Gtt cgc ggt gaa aat gat tat gta act ttt gat ttc tat 

act ttt gat ttc tat eta gat cca eta gat cca 2266 

2266 Val Arg Gly Glu Asn Asp Tyr Val Thr Phe Asp 

Val Arg Gly Glu Asn Asp Tyr Val Phe Tyr Leu Asp Pro 

Thr Phe Asp Phe Tyr Leu Asp 645 650 

Pro 655 

645 Gtt cgt gca aca gaa ggc gca atg aat ate aat tta 

650 655 gta ttc cag cca 2314 

gtt cgt gca aca gaa ggc gca atg 
aat ate aat tta gta ttc cag cca 
2314 

Val Arg Ala Thr Glu Gly Ala Met Val Arg Ala Thr Glu Gly Ala Met Asn He Asn Leu 

Asn lie Asn Leu Val Phe Gin Val Phe Gin Pro 

Pro 660 665 

660 665 670 

670 Cct act aac ggg tat tgg gta caa gca cca aaa acg 

cct act aac ggg tat tgg gta caa tat acg att aac 2362 

gca cca aaa acg tat acg att aac Pro Thr Asn Gly Tyr Trp Val Gin Ala Pro Lys Thr 

2362 Tyr Thr He Asn 
Pro Thr Asn Gly Tyr Trp Val Gin 
Ala Pro Lys Thr Tyr Thr He Asn 
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675 680 675 680 

685 690 685 690 

ttt gat gaa tta gag gaa gcg aat Ttt gat gaa tta gag gaa gcg aat caa gta aat ggt 

caa gta aat ggt tta tat cac tat tta tat cac tat 2410 

2410 Phe Asp Glu Leu Glu Glu Ala Asn Gin Val Asn 

Phe Asp Glu Leu Glu Glu Ala Gly Leu Tyr His Tyr 

Asn Gin Val Asn Gly Leu Tyr 695 700 

His Tyr 705 
695 

700 705 

gaa gtg aaa att aac gta aga gat Gaa gtg aaa att aac gta aga gat att aca aac att 

att aca aac att caa gat gac acg caa gat gac acg 2458 

2458 Glu Val Lys He Asn Val Arg Asp He Thr Asn He 

Glu Val Lys lie Asn Val Arg Asp Gin Asp Asp Thr 

He Thr Asn lie Gin Asp Asp Thr 710 715 

710 720 

71 5 720 Tta eta cgt aac atg atg ate att ttt gca gat gta gaa 

tta eta cgt aac atg atg ate att ttt agt gac ttt 2506 
gca gat gta gaa agt gac ttt 
2506 

Leu Leu Arg Asn Met Met He He Leu Leu Arg Asn Met Met He He Phe Ala Asp Val 

Phe Ala Asp Val Glu Ser Asp Glu Ser Asp Phe 

Phe 725 730 

725 735 

730 735 Gca ggg aga gtc ttt gta gat aat gtt cgt ttt gag ggg 

gca ggg aga gtc ttt gta gat aat get get act 2554 

gtt cgt ttt gag ggg get get act Ala Gly Arg Val Phe Val Asp Asn Val Arg Phe 

2554 Glu Gly Ala Ala Thr 

Ala Gly Arg Val Phe Val Asp 

Asn Val Arg Phe Glu Gly Ala Ala 

Thr 

740 745 740 745 
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750 

act gag ccg gtt gaa cca gag cca 
gtt gat cct ggc gaa gag acg ccg 
2602 

Thr Glu Pro Val Glu Pro Glu Pro 
Val Asp Pro Gly Glu Glu Thr Pro 
755 760 
765 770 



750 

Act gag ccg gtt gaa cca gag cca gtt gat cct ggc 
gaa gag acg ccg 2602 
Thr Glu Pro Val Glu Pro Glu Pro Val Asp Pro Gly 
Glu Glu Thr Pro 

755 760 
765 770 



cct gtc gat gag aag gaa gcg aaa 
aaa gaa caa aaa gaa gca gag 
aaa 2650 

Pro Val Asp Glu Lys Glu Ala Lys 
Lys Glu Gin Lys Glu Ala Glu Lys 
775 

780 785 
gaa gag aaa gaa gca gta aaa 
gaa gaa aag aaa gaa get aaa 
gaa gaa 2698 



Cct gtc gat gag aag gaa gcg aaa aaa gaa caa 
aaa gaa gca gag aaa 2650 
Pro Val Asp Glu Lys Glu Ala Lys Lys Glu Gin Lys 
Glu Ala Glu Lys 

775 780 
785 

Gaa gag aaa gaa gca gta aaa gaa gaa aag aaa 
gaa get aaa gaa gaa 2698 



Glu Glu Lys Glu Ala Val Lys Glu 
Glu Lys Lys Glu Ala Lys Glu Glu 
790 

795 800 
aag aaa gca ate aaa aat gag 
get acg aaa aaa taatctatta 
aactagttat 2751 
Lys Lys Ala He Lys Asn Glu Ala 
Thr Lys Lys 



Glu Glu Lys Glu Ala Val Lys Glu Glu Lys Lys Glu 
Ala Lys Glu Glu 

790 795 
800 

Aag aaa gca ate aaa aat gag get acg aaa aaa 

taatctatta aactagttat 2751 

Lys Lys Ala He Lys Asn Glu Ala Thr Lys Lys 



805 

810 

agggttatct 
gcagatctta 
2783 



805 

Agggttatct 
aaaggctgat 2783 

eg 



810 

aaaggctgat gcagatctta 



eg 
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[0 0 3 6] 
<210>5 
<211>28 
<212> DNA 

<213> Artificial Sequence 
<220><223> designed DNA 
based on S237 cellulase 
<400> 5 

attagtcgac tcgaaggaaa cactcgtg 
28 

[0 0 3 7] 
<210>6 
<211>25 
<212> DNA 

<213> Artificial Sequence 
<220><223> designed DNA 
based on S237 cellulase 
<400> 6 

gcacgtacat attatccaga aagac 
25 

[0 0 3 8] 
<210>7 
<211>23 
<212> DNA 

<213> Artificial Sequence 
<220><223> designed DNA 
based on N131a cellulase 
<400> 7 



[0036] 

<210>5 
<211> 28 
<212> DNA 

<213> Artificial Sequence 

<220><223> designed DNA based on S237 

cellulase 

<400> 5 

Attagtcgac tcgaaggaaa cactcgtg 28 



[0037] 

<210>6 
<211>25 
<212> DNA 

<213> Artificial Sequence 

<220><223> designed DNA based on S237 

cellulase 

<400> 6 

Gcacgtacat attatccaga aagac 25 



[0038] 

<210>7 
<211>23 
<212> DNA 

<213> Artificial Sequence 

<220><223> designed DNA based on N131a 

cellulase 

<400> 7 
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gatctcagga aaccactgta ate 23 Gatctcagga aaccactgta ate 23 



[0 0 3 9] 
<210>8 
<211>25 
<212> DNA 



[0039] 

<210>8 
<211> 25 
<212> DNA 



<21 3> Artificial Sequence <21 3> Artificial Sequence 

<220><223> designed DNA <220><223> designed DNA based on N131a 

based on N1 31 a cellulase cellulase 

<400> 8 <400> 8 



acaacattag 
25 



ctgggctaac tggtc Acaacattag ctgggctaac tggtc 25 



[0 0 4 0] 
<210>9 
<211>22 
<212> DNA 



[0040] 

<210>9 
<211>22 
<212> DNA 



<21 3> Artificial Sequence <21 3> Artificial Sequence 

<220><223> designed DNA <220><223> designed DNA based on N131a 

based on N1 31 a cellulase cellulase 

<400> 9 <400> 9 

agataaactc agaccttgtt gg 22 Agataaactc agaccttgtt gg 22 



[0 0 4 1] 
<210> 10 
<211>25 
<212> DNA 



[0041] 

<210> 10 
<211>25 
<212> DNA 



<21 3> Artificial Sequence <21 3> Artificial Sequence 

<220><223> designed DNA <220><223> designed DNA based on N131a 

based on N1 31 a cellulase cellulase 

<400> 10 <400> 10 
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taaactacta acatcttcgt cgtag 25 Taaactacta acatcttcgt cgtag 25 



[0 0 4 2] 
<210> 11 
<211> 21 
<212> DNA 



[0042] 

<210> 11 
<211> 21 
<212> DNA 



<21 3> Artificial Sequence <21 3> Artificial Sequence 

<220><223> designed DNA <220><223> designed DNA based on S237 

based on S237 cellulase cellulase 

<400> 11 <400> 11 

gaaggaaaca ctcgtgaaga c 21 Gaaggaaaca ctcgtgaaga c 21 



[0 0 4 3] 
<210> 12 
<211>20 
<212> DNA 



[0043] 

<210> 12 
<211>20 
<212> DNA 



<21 3> Artificial Sequence <21 3> Artificial Sequence 

<220><223> designed DNA <220><223> designed DNA based on S237 

based on S237 cellulase cellulase 

<400>12 <400>12 

agtccggacg ctgactccag 20 Agtccggacg ctgactccag 20 



[0 0 4 4] 
<210> 13 
<211>27 
<212> DNA 



[0044] 

<210> 13 
<211>27 
<212> DNA 



<21 3> Artificial Sequence <21 3> Artificial Sequence 

<220><223> designed DNA <220><223> designed DNA based on S237 

based on S237 cellulase cellulase 

<400>13 <400>13 
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aatgctcgtc tttctgccaa cggttgg Aatgctcgtc tttctgccaa cggttgg 27 
27 



[0 0 4 5] 
<210> 14 
<211>24 
<212> DNA 



[0045] 

<210> 14 
<211>24 
<212> DNA 



<21 3> Artificial Sequence <21 3> Artificial Sequence 

<220><223> designed DNA <220><223> designed DNA based on S237 

based on S237 cellulase cellulase 

<400> 14 <400> 14 

aacagaatga tgttgttcat attg 24 Aacagaatga tgttgttcat attg 24 



[0 0 4 6] 
<210> 15 
<211> 21 
<212> DNA 



[0046] 

<210> 15 
<211>21 
<212> DNA 



<21 3> Artificial Sequence <21 3> Artificial Sequence 

<220><223> designed DNA <220><223> designed DNA based on S237 

based on S237 cellulase cellulase 

<400>15 <400>15 



ggtttatatc actatgaagt g 21 



Ggtttatatc actatgaagt g 21 



[0 0 4 7] 
<210> 16 
<211>23 
<212> DNA 



[0047] 

<210> 16 
<211>23 
<212> DNA 



<21 3> Artificial Sequence <21 3> Artificial Sequence 

<220><223> designed DNA <220><223> designed DNA based on S237 

based on S237 cellulase cellulase 
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<400> 16 



<400> 16 



aaattacttc atcattctat cac 23 



Aaattacttc atcattctat cac 23 



[0 0 4 8] 
<210> 17 
<211>20 
<212> DNA 



[0048] 

<210> 17 
<211>20 
<212> DNA 



<21 3> Artificial Sequence <21 3> Artificial Sequence 

<220><223> designed DNA <220><223> designed DNA based on S131b 

based on S1 31 b cellulase cellulase 

<400>17 <400>17 



atccgtgtgt actcattcca 20 



Atccgtgtgt actcattcca 20 



[0 0 4 9] 
<210> 18 
<211>20 
<212> DNA 



[0049] 

<210> 18 
<211>20 
<212> DNA 



<21 3> Artificial Sequence <21 3> Artificial Sequence 

<220><223> designed DNA <220><223> designed DNA based on S131b 

based on S1 31 b cellulase cellulase 

<400>18 <400>18 

tctcgataat aatccctagc gccg 20 Tctcgataat aatccctagc gccg 20 



[0 0 5 0] 
<210> 19 
<211>40 
<212> DNA 



[0050] 

<210> 19 
<211>40 
<212> DNA 



<21 3> Artificial Sequence <21 3> Artificial Sequence 

<220><223> designed DNA <220><223> designed DNA based on S131b 

based on S131b cellulase and cellulase and KSM-64 cellulase 
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KSM-64 cellulase 
<400> 19 

agcacaagcc gaaggaaaca 
ctcgtgaaga caattttaaa 40 

[0 0 5 1] 
<210> 20 
<211>26 
<212> DNA 

<213> Artificial Sequence 
<220><223> designed DNA 
based on S131b cellulase 
<400> 20 

aagatctgca tcagccttta gataac 
26 

[0 0 5 2 J 
<210>21 
<211>33 
<212> DNA 

<213> Artificial Sequence 
<220><223> designed DNA 
based on KSM-64 cellulase 
<400> 21 

ttccagatct acttaccat t ttagagtcaa 
aag 33 

[0 0 5 3] 
<210> 22 
<211> 25 
<212> DNA 



<400> 19 



Agcacaagcc gaaggaaaca ctcgtgaaga caattttaaa 
40 

[0051] 

<210> 20 
<211>26 
<212> DNA 

<213> Artificial Sequence 

<220><223> designed DNA based on S131b 

cellulase 

<400> 20 

Aagatctgca tcagccttta gataac 26 



[0052] 

<210>21 
<211>33 
<212> DNA 

<21 3> Artificial Sequence 

<220><223> designed DNA based on KSM-64 

cellulase 

<400> 21 

Ttccagatct acttaccat t ttagagtcaa aag 33 



[0053] 

<210> 22 
<211>25 
<212> DNA 
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<21 3> Artificial Sequence <21 3> Artificial Sequence 

<220><223> designed DNA <220><223> designed DNA based on S131b 

based on S131b cellulase and cellulase and KSM-64 cellulase 

KSM-64 cellulase <400> 22 

<400> 22 

ggcttgtgct ggtcgaccca actgc Ggcttgtgct ggtcgaccca actgc 25 
25 

[Wm<Dffi^t£Wn] [BRIEF DESCRIPTION OF THE DRAWINGS] 



1 1 [FIG 1] 

Jf%ty\(DT tv-fr ])±;^y—if It is the figure showing the influence of pH 

(N13 1a) fg&KR&'tp which affects the alkali cellulase (N131a) 

H<D&W%7Fi~MX*foZ)o activity of this invention. 



[0 2] [FIG. 2] 

Jf%ty\<DT } J±/Uy—H It is the figure showing the influence of pH 

(Nl3lb) *£ttte3U3?-*-p which affects the alkali cellulase (N131b) 

H(D^W&7f;-fMX*foZ> 0 activity of this invention. 



[01] 



[FIG. 1] 



mm 




ffittfefe: Relative activity 
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[0 2] [FIG 2] 




ph " , 
fB*tf&tt: Relative activity 
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